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The domain Archaea was not discovered as a major domain of life earlier but with the 
collaborative efforts of Carl Woese and his colleagues, the domain was differentiated 
from Bacteria. Domain Archaea contain organisms known as extremophiles like 
thermophiles, acidophiles, halophiles, methanogens, alkalophiles etc. Carl Woese 
proposed three domains of life on the basis of molecular chronometer 16s r-RNA and 
18s r-RNA. They are Bacteria, Archaea and Eukarya. The word archaea or 
archaeabacteria comes from Greek word meaning ―ancient things‖. Archaea are 
believed to be most primitive organisms. They are biochemically more closely related 
to the Eukarya than to the Bacteria (Bullock, 2000).  
 
 Extremophiles, the organisms that can grow in extreme environments, have attracted 
considerable attention in recent years. Life in extreme environments has been studied 
intensively focusing attention on the diversity of organisms and molecular and 
regulatory mechanisms involved. Currently, emphasis is given on their populatio n 
dynamics and molecular phylogeny along with their biotechnological novelty. 
Members of these groups of organisms may hold secret for origin of life and answer 
many basic questions about the stability of the macromolecules under extreme 
conditions. Extremophiles harbor in extreme conditions such as high temperature, 
extreme pH, high salt concentration etc.  
 
As halophilic means ―salt loving‖, halophilic enzymes or bacteria by definition 
require high NaCl for activity or growth. In contrast, halotolerant microorganisms 
require normal NaCl concentration (0.5-1%, w/v) but they can tolerate NaCl 
concentration up to 5%, w/v (Garabito et al., 1998). Halophiles are able to tolerate 
high salt concentration by accumulating KCl equal to the external concentration of 
NaCl. They are normally found in natural habitats, from freshwater environments to 
hypersaline lakes such as the Dead Sea, Salt crystallizer ponds, other places saturated 
with sodium chloride, salt deserts etc. Several halophilic Archaea have been isolated  
from various habitats, for example, Halobaculum gomorrense from Dead Sea (Oren et 
al., 1995); Halorhabdus utahensis from Great Salt Lake (Wanio et al., 2000); and 
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Halogeometricum borinquense from solar salterns of Puerto Rico (Montalvo- 
Rodriguez et al., 1998). Many strains of Halobacterium salinarum have been isolated 
from habitats like Thai fish sauce, salted fish and hides, solar salterns, estuaries 
polluted with crude oil etc. (Thongthai et al., 1992; Raghavan et al., 2000). 
 
Halophiles contains a very large and heterogeneous group of extremophiles (Ventosa 
et al., 1998; Oren, 2002) and have been distinguished on the basis of their salt 
requirements for growth as extreme halophiles (15–30%, w/v) and moderate 
halophiles (3–15%, w/v) (Ventosa et al., 1998). These groups of the organisms have 
not been widely explored and hence they have attracted major attention of the 
scientific community. This is also because of physiological adaptation to highly saline 
environment and their ecology. Halophilic Bacteria are diversified in terms of 
physiology i.e.  aerobic, anaerobic, chemoheterotrophs, photoautotrophs and 
photoheterotrophs, as well as chemolithotrophs (Ollivier et al., 1994; Oren, 1999). 
They commonly inhabit the marine environment, esturine, and the salt deserts.  
 
Little Rann of Kutch (Kutch desert) is believed to have been a shallow sea and 
comparatively unexplored field from microbial diversity point of view. The Rann of 
Kutch is an area of 18,000 square km situated within state of Gujarat in India along 
the border with Pakistan. The Little Rann of Kutch extends northeast from the Gulf of 
Kutch over 5,100 square km. Once an extension of the Arabian Sea, the Rann has 
been closed off by centuries of silting. It is a typical ecosystem with saline desert 
climate having unique floral and faunal diversity. Little Rann of Kutch is believed to 
have formed due to variety of geomorphic facets of Kutch such as the present surface 
configuration, its landforms, drainage characteristics and relief pattern. This clearly 
reveals a complex interplay of tectonics, sea-level changes and lithology as also 
erosion and deposition. 
 
 The Indian Wild Ass Sanctuary is located in the Little Rann of Kutch and covers an 
area of 4954 square km. The Sanctuary is named after a sub species of wild ass 
(Equus hemionus khur), the last population of which it harbours. Wild ass contains 
halophilic microorganisms as normal flora of their intestine. The grass growing in this 
region has high salt content due to presence of salt in the land. As wild asses are 
herbivore, their normal microbial floras have adapted to high salt concentrations and 
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some might have been replaced due to such salty grass. This indicates that intestinal 
floras are halophilic and the present work is also focused on study of diversity in 
intestinal microbial flora due to external conditions.  
Hypersaline environments are characterized by high or very high but variable osmotic 
strength and moderate halophiles or extreme halophiles present in these environments 
must be able to adapt to the changes in osmotic pressure due to presence of salt. Most 
halophilic and halotolerant bacteria maintain viability in these environments by 
accumulating low-molecular weight, water soluble organic compounds known as 
compatible solutes to counteract the dangerous effect of high salt on cell metabolism 
and water loss from cell due to difference in osmotic pressure (Louis and Galinski, 
1997; Cánovas et al., 1998; Bursy et al., 2008). Gram-positive and Gram-negative 
bacteria are known to accumulate compatible solutes like ectoines, glycine and 
betaine as an osmolytes to counteract action of high salinity (Louis and Galinski, 
1997). Osmolytes are synthesized de novo or may be taken up from the external 
environment and they can be amassed by the cell in very high concentrations to 
provide osmotic balance without affecting essential cellular functions (Vargas et al., 
2008; Bursy et al., 2008). Osmolytes like ectoines may serve as general stress 
protectants as they are produced both in responses to salt and heat stresses (Vargas et 
al., 2008; Bursy et al., 2008).  
 
Halophilic Bacteria possess a number of interesting applications as well (Ramos- 
Cormenzana, 1989; Ventosa et al., 1998). Many heterotrophic halophilic bacteria can 
use a wide range of compounds as sole carbon and energy source (Kushner and 
Kamekura, 1988). In recent era genetic manipulation in halophiles are becoming 
increasingly available. Many of the halophiles produce industrially valuable 
compounds such as osmoregulants, enzymes, polymers etc. Most of the halophiles 
produce extracellular hydrolytic enzymes such as amylases, proteases, lipases, 
DNases, pullulanases and xylanases which have quite diverse potential usage in 
different areas such as food industry, feed additive, biomedical sciences  and chemical 
industries (Rao et al., 1998; Kulkarni et al., 1999; Niehaus et al., 1999; Pandey et al., 
1999). Because of the extreme nature of enzymes they can execute the current 
requirement of industry. 
The use of enzyme as a bioprocess tool can be traced to ancient civilizations. Now a 
day, nearly 4000 enzymes are known and about 200 are in commercial use. The 
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majority of commercially used enzymes are of microbial origin. Until the mid 19th 
century, total enzyme sell was in few million dollars but after then the market grew 
spectacularly (Wilke, 1999), because of increased understanding of biochemistry, 
advances in fermentation and downstream process as well as recent advances in 
genetics and molecular biology. 75% of world supply of enzymes is supplied by 
Europe only. Protease is dominant in enzyme market and accounts for around 40% of 
total enzyme sell. 
 
Lipases (Triacylglycerol acylhydrolases E.C.3.1.13) are found in animals, plants and 
microorganisms (Kamimura et al., 2001; Burkert et al., 2004). Lipase catalyzes the 
hydrolysis of ester bonds of triacylglycerols to glycerol and free fatty acids at oil-
water interface and does not hydrolyze dissolved substrates in the bulk fluid (Sharma 
et al., 2001). The free fatty acids, especially volatile fatty acids (VFA) were shown to 
be associated with the aroma and flavor in food products; therefore, lipase has been 
used for development of flavor and aroma in cheese ripening, bakery products, 
sausages, yoghurt and beverages (Jaeger et al., 1994; Sharma et al., 2001). Since 
industrial applications of lipase require specific properties, there is still an interest in 
additional lipase that could be used in new applications (Jaeger et al., 1994; Lambit 
and Goswami, 2002; Kyu et al., 2005). 
 
Because of their wide scale applications, lipases remain a subject of intensive study 
(Alberghina et al., 1991; Bornscheuer, 2000). Lipases research is focused particularly 
on structural characterization, elucidation of mechanism of action, kinetics, 
sequencing and cloning of lipase genes and general characterization of performance 
(Alberghina et al., 1991; Bornscheuer, 2000).  
Till date, commercially useful lipases have been obtained from microorganisms that 
produce a wide variety of extracellular lipases. Many types of lipases are active in 
organic solvents and catalyze a number of reactions like esterification (Chowdary et 
al., 2001; Hamsaveni et al., 2001; Kiran et al., 2001; Kiyota et al., 2001; Krishna and 
Karanth, 2001; Krishna et al., 2001; Rao and Divakar, 2001), transesterification, 
regioselective acylation of glycols and menthols, synthesis of peptides (Ducret et al., 
1998; Zhang et al., 2001) and other chemicals (Therisod and Klibanov, 1987; Weber 
et al., 1999; Bornscheuer, 2000; Berglund and Hutt, 2000; Liese et al., 2000; Azim et 
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al., 2001). The expectation is that lipases will be as important industrially in the future 
as the proteases and carbohydrases are currently.  
 
 
Objectives: 
The present work was initiated with the following objectives: 
 To collect water, mud and soil samples from various locations in little Rann of 
Kutch and excreta of wild ass from ― Indian Wild Ass Sanctuary‖ located in 
the Little Rann of Kutch 
 Enrichment and isolation of Halophiles from the collected samples.  
 Morphologically and physiological characterization of Halophiles.  
 Screening of lipase, amylase, protease, cellulose and chitinase producing 
halophiles from the samples.  
 Selection of the most potent producer of lipase and optimization of various 
growth conditions and medium constituents for maximum enzyme production. 
 Partial purification of enzyme by ammonium sulfate precipitation.  
 Characterization of enzyme with respect to its pH optima, temperature optima, 
temperature stability, urea denaturation, effect of inorganic salts, Km and 
Vmax . 
 UV mutagenesis for strain improvement.    
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Earth is considered to be harboring bewildering diversity of microorganisms. It 
contains variety of microorganisms with different morphological, physiological and 
genetical characteristics. Metagenomic studies indicate that only 0.1-1% organisms 
are cultivable on media and rests of the organisms are uncultured. Current emphasis is 
on the cultivation of extremophillic organisms in order to explore the unexplored 
organisms in extreme environment. It provides idea of many unanswered questions 
related to biology, biochemistry and genetics of organisms that survive in harsh or 
extreme conditions. 
The Archaea constitute one of the three domains of life (Woese et al., 1990), other 
than Eukaryota and Bacteria, although their origin is subject of debate (Gupta, 2000; 
Cavalier-Smith, 2002; Gribaldo et al., 2006; Lake et al., 2007). They were earlier 
believed to inhabit only extreme environments such as extremely hot, or hot and 
acidic, extremely saline, or very acidic or alkaline conditions (Woese, 1987), but 
recent studies indicate that they are widespread in different environments (Schleper, 
2005). The archaea also include methanogens, that grows under strictly anaerobic and 
many a times thermophilic conditions, and derive all of their metabolic energy by 
reduction of organic molecule via methanogenesis. The archaeal species branch 
distinctly from all other organisms in phylogenetic trees based on 16S rRNA and 
many other gene and protein sequences (Iwabe et al., 1989; Olsen et al., 1994; Brown 
and Doolittle, 1997). Most of the Archaea are highly adapted to survive in extreme 
chemical and physical environments like temperature, pH, salt etc. and the group can 
be divided into hyperthermophiles, halophiles and methanogens. Despite outward 
appearances however, the Archaea are more closely biochemically related to the 
Eukarya than to the Eubacteria (Bullock, 2000).  
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Figure 2.1 Universal Phylogenetic tree 
2.1 Phylogeny of an archaea 
The domain Archaea contains three major branches: Crenarchaeota (3 orders, 24 
genera), Euryarchaeota (10 orders, >50 genera) and Korarchaeota- discovered only on 
the basis of PCR amplification of 16s r-RNA form natural samples (Woese et al., 
1990; Barns et al., 1996). A fourth phylum Nanoarchaeota has been recently 
discovered (Huber et al., 2002). Following section briefly describes above four phyla.  
 
2.1.1 Crenarchaeota 
The word Crenarchaeota is derived from Greek word meaning "spring old quality". 
Crenarchaeota is also known as Crenarchaea. It has been classified as either a phylum 
of the Archaea kingdom (Gurtler, 2001; Cavalier-Smith, 2002; Stackebrandt; 2002) or 
a kingdom of its own (Dalevi et al., 2001). All the cultured Crenarchaea had been 
thermophilic or hyperthermophilic, isolated from geothermally heated soils or wastes 
containing elemental sulphur and sulphides; some of which have the ability to grow at 
up to 113 °C (Blochl et al., 1997). A Crenarchaeota phylum was discovered on the 
basis of difference in 16S r-RNA sequence from other phyla and lack of histone, 
21 
 
although some Crenarchaeota have histones (Cubonova et al., 2005). Organisms 
belonging to Crenarchaeota are diverse in shape i.e. rod, cocci, filamentous, irregular 
etc. and are Gram negative (Garrity and Boone, 2001).  
 
2.1.2 Euryarchaeota 
The word Euryarchaeota comes from Greek word meaning "broad old quality" 
(Michael Hogan, 2010). Phylum Euryarchaeota include methanogens, extreme 
halophiles, extremely thermophillic aerobes and anaerobes etc. This phylum was 
separated from other archaea on the basis of 16s rRNA sequence. Methanogens 
inhabit intestinal tract of animals and sewage treatment plants. Thermophiles and 
hyperthermophiles inhabit geothermal vent and other high temperature habitats. 
Halophiles inhabit natural or artificial saline habitats.  
 
2.1.3 Korarcheota 
This phylum includes hyperthermophillic organisms. It branches close to root of 
archaea and hence contains many features of ancient organisms. Until now, little is 
known about this phylum. 
 
2.1.4 Nanoarcheota 
Very recently, from sample of a marine hydrothermal system near Iceland, a co-
culture of a new Ignicoccus strain and small archaeal cocci was obtained. The small 
cocci turned out to represent the first member of a novel archaeal phylum, the 
―Nanoarchaeota‖ (Huber et al., 2002). The name of archaea phyla was derived from 
Greek word meaning "old dwarf" (NCBI web page on Nanoarcheota). This phylum 
currently has only one representative, Nanoarchaeum equitans. The organism is 
hyperthermophiles and prefers to grow at boiling temperature.  
2.2 Classification of halophiles 
 Phylogenetically halophiles can be placed in following hierarchy,  
Domain:  Archaea,  
Class:   Halobacteria,  
Order:   Halobacteriales 
Family:  Halobacteriaceae. 
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There are total 14 valid genera according to Bergey’s Manual of Systematic 
Bacteriology (2001), includes Halobacterium, Haloarcula, Haloferax, Halococcus, 
Natrialba, Halobaculum, Halogeometricum, Haloterrigena, Natronorubrum, 
Halorubrum, Natronomonas, Naronobacterium, Natronococcus and Natrinema.  
 
Many criteria may be applied for taxonomic classification of halophiles. One 
taxonomic criterion for the identification and recognition of haloarchaea is the 
sequence of the 16S r-RNA genes, specifically signature sequences (Kamekura et al. 
2004). This is the main criteria for taxonomic classification. Another criterion is the 
composition of membrane lipids (polar lipids) which can be used as one of the criteria 
for the classification of different haloarchaeal genera (Ross et al. 1985). Data based 
on both of the above mentioned criteria are consistent with one another (Grant et al. 
2001). Third way of classification is on the basis of phenotypic characteristics 
according to Bergey’s Manual of Systematic Bacteriology. 
 
2.3 Extremophiles 
Extremophiles have been categorized in to various groups on the basis of their 
survival under different extremities. They grow optimally in some of earth’s most 
hostile environments of temperature (-2ºC to 15ºC; Psychrophiles; and 60ºC to 115ºC; 
Thermophiles), salinity (2-5M NaCl; Halophiles), pH (<4 Acidophiles and >9; 
Alkaliphiles), anaerobicity (Methanogens), and/or pressure (Barophiles). Halophiles 
are aerobic microorganisms that live and grow in high saline/salty environments. The 
saline content in halophilic environment is usually 10 times the saline/salt content of 
normal ocean water.  
 
2.4 Halophiles and its environment 
Majority of halophiles can inhabit very extreme saline environments such as salt lakes 
and salt evaporation ponds. Example of such extreme saline environments can be 
found in the two largest hypersaline lakes; the Great Salt Lake and the Dead Sea. 
Hypersaline environments are generally defined as those containing salt 
concentrations in excess of sea water (3.5% total dissolved salts). Hypersaline 
environments can be divided into two broad categories. These are the thalassohaline 
and athalassohaline. Thalassohaline water bodies have similar salt composition to 
seawater with sodium and chloride being the dominant ions; common examples 
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include the Great Salt Lake in Utah, brine springs from underground salt deposits and 
solar salterns (Litchfield and Gillevet, 2002). While athalassohaline water bodies such 
as the Dead Sea, Lake Magadi in Kenya, Wadi Natrun in Egypt, the soda lakes of 
Antarctica and Big Soda Lake and Mono Lake in California are dominated by 
potassium, magnesium, or sodium (Oren, 2002). Some of the hypersaline 
environments are artificially constructed.  
 
Microorganisms living in such saline environments are termed as halophiles and can 
be divided into slight halophiles growing optimally at 0.2-0.85mol/L (2-5%) NaCl 
e.g. Methanosalsum zhilinae (Boone and Baker, 2001), moderate halophiles growing 
optimally at 0.85-3.4 mol/L (5-20%) NaCl, e.g. Halomonas almeriensis (Martínez-
Checa et al., 2005) and Extreme halophiles growing optimally above 3.4-5.1 mol/L 
(20-30%) NaCl e.g. Halogeometricum borinquense (Montalvo-Rodríguez et al., 
1998). Many halotolerant microorganisms can grow in a wide range of salt e.g. 
Halobacillus yeomjeoni can grow from 0.5% to 21 %( w/v) NaCl (Yoon et al., 2005). 
Table 2.1 Classification of Microorganisms based on salt requirement 
Sr. No. Groups  Types Growth on media + Salt 
1 Non-halophiles Salt sensitive 
 
Grow in media containing < 
2% (W/V) Salt 
Salt tolerance Grow best in media 
containing < 2% salt but can 
able to grow in media 
containing > 2% salt 
2 Halophiles Facultative Grow in media containing < 
2% salt but grow best in 
media containing > 2% salt 
Obligate Grow only in media 
containing >2% salt. 
 
2.5 Adaptation of halophiles in saline environment 
As the plasma membrane of microbes is permeable to water, none of microorganisms 
living at high salt concentrations can maintain hypo-osmotic intracellular 
concentration to the osmotic pressure of outer environment. This is applicable to 
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halophilic microorganisms also. Halophillic microorganisms have been adapted to 
hypersaline environment by certain mechanisms of maintaining turgor pressure.  
 
For the maintenance of turgor pressure, sodium ions present in the cytoplasm must be 
excreted outside the cell as much as possible, although mechanisms of sodium 
poisoning in cells are unclear. Considerable diversity exists among extreme halophiles 
and moderate halophiles in terms of osmotic adaptation. For the excretion of sodium 
ion outside, halophiles have Na+/H+ antiporter system that expel sodium ion from the 
interior of the cell (Oren, 1999). Different strategies are used by different groups of 
halophiles, fundamental of all the strategies remain same i.e. excretion of sodium ion 
exterior of the cell. Alternate strategy involves accumulation of K+ and Cl- ion to 
maintain osmotic balance. Even Halobacterials, the aerobic halophiles, can 
accumulate KCl at the same concentration of NaCl in surrounding media. Halophiles 
have developed alternate strategies for the functioning of enzymes and other 
biomolecules at such higher salt concentrations in cytoplasm. These adaptation 
strategies are referred as ―Salt- in‖ strategies. 
 
Another strategy to maintain turgor pressure in hypersaline environment is by 
accumulating compatible solutes. Compatible solutes are low molecular weight 
solutes accumulated in cell in high concentration, which acts as osmoprotectant. 
Sugars, alcohols, amino acids, betaines, ectoines or their derivatives are the common 
compatible solutes synthesized by halophiles (Ventosa et al., 1998). They stabilize 
enzymes, DNA and whole cell against stresses such as freezing, drying and heating. 
The concentrations of compatible solutes are regulated according to the salt 
concentration in which the cells live (Galinski and Louis, 1999). It can be changed 
according to outside salt concentration. The compounds can also be degraded, 
transformed or excreted into medium as salt concentration decreases (Trüper and 
Galinski, 1990). Eukaryotic algae Dunaliella accumulate glycerol as compatible 
solute (Ben-Amotz and Avron, 1973). Glycine and betaine was found to be 
accumulated by Halorhodospira halochloris (Galinski and Trüper, 1982). Apart from 
all the above described compatible solutes, number of compatible solutes synthesized 
by halophilic microorganisms steadily increases day by day (Imhoff, 1986; Reed, 
1986; Wohlfarth et al., 1990). 
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Table 2.2 Common compatible solutes, producer organisms and its molecular 
structure 
Compatible solute Produced by Structure 
Ectoine Chromohalobacter israelensis, 
Chromohalobacter salexigens,  
Halomonas elongata, 
Halomonas boliviensis, 
Brevibacterium epidermis, 
Ectothiorhodospira halochloris. 
 
Betaine Thioalkalivibrio versutus,  
Halorhodopira halochloris.  
 
 
Mannosylglycerate Thermus thermophilus, 
Pyrococcus furiosus, 
Pyrococcus furiosus, 
Rhodothermus marinus, 
Methanothermus fervidus.  
 
Hydroxyectoine Nocardiopsis halophila, 
Halomonas elongate. 
 
Proline Bacillus spp. 
 
Diglycerol phosphate Archaeoglobus fulgidus 
 
 
Glucosylglycerol Stenotrophomonas maltophilia, 
Erwinia chrysanthemi.  
 
 
Sucrose 
 
Nitrosomonas europaea, 
proteobacteria 
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2.6 Salient features of halophiles 
Halophiles contain certain unique features over non-halophilic organisms. These are: 
2.6.1 Cell wall 
The major difference between eubacterial call wall and archaebacterial cell wall is 
that eubacterial cell wall is composed of peptidoglycan (also known as Murein) and 
archaebacterial cell wall is composed of Pseudopeptidoglycan (also known as 
Pseudomurein). Cell-wall determines shape of archaea e.g. Haloferax in pleomorphic 
shape, Halobacterium in rod shape, Halococcus, Natronococcus in spherical shape 
etc. (Englert et al., 1992). The unusual shapes of archaea are due to the fact that they 
do not produce significant turgor pressure and hence they contain unique shapes that 
are not possessed by other groups (Walsby, 1971). Halococcus and Natronococcus 
have thick and rigid cell wall that provides structural stability. Halobacteriaceae have 
rigid cell wall containing large glycoprotein subunits referred as S- layer. Glycoprotein 
is required for cell wall stability against high concentration of NaCl. Halobacterium 
does not contain DAP or teichoic acid found in normal cell (Kushner and Onishi, 
1968). Additionally, cell wall of Halobacterium contains negatively charged proteins 
which are stabilized by attracting sodium ions (Na+) from saline water.  
2.6.2 Lipid and cytoplasmic membrane 
A cytoplasmic membrane of organism performs several functions like participation in 
electron transport, movement of ions across membrane, sensory function with 
environment etc. Biological membrane is composed of proteins, lipids and 
carbohydrates. The major difference between eubacterial and archaebacterial lipid in 
cell membrane is that eubacteria contain ester linkage between fatty acids and 
glycerol while archaebacteria have ether linkage between fatty acids and glycerol 
backbone. Replacement of ester linkage with ether linkage in archaea provides 
stability against high salt concentrations. Cell membrane containing ether linkage in 
lipid was found to be stable at wide temperature range and high salt concentration 
(Edward, 1990). Halobacteria contains archaea specific lipids in cell membrane, 
composed of 20 carbons (Phytanyl) or 25 carbons (Sestertepanyl), and usually bound 
to glycerol back bone with ester bond. Halobacteria contains neutral or polar lipids in 
cell membrane. The major phospholipids present in halobacteriaceae are Phosphatidyl 
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choline, phosphatidyl ethanolamine, cardiolipin, and glycolilids. Amount of 
phosphatidyl choline and cardiolipin (negatively charged) increases and neutral 
phospholipids decreases as salt concentration increases (Russell, 1993, Vreeland,  
1987). Salinovibrio costicola contains 48% phosphatidyl glycerol, 42% phosphatidyl 
ethanolamine and 10% Cardiolipin (Russell, 1993).  
2.6.3 Capsules  
Many halophilic bacteria produce extracellular polysaccharide known as capsule. 
Capsule serves many functions and protect against fluctuation in pH, temperature and 
other environmental factors. Extracellular polysaccharide of halophiles is viscous at 
acidic pH.  A known halophile, Halomonas maura produces extracellular 
polysaccharide containing carbohydrates and protein (Bouchotroch et al., 2001). 
2.6.4 Metabolism in halophiles 
Halophiles differ in nutritional requirements. Some of the halophiles require single 
carbon and nitrogen source while some are fastidious and require complex nutrition 
including high concentration of yeast extract and other rich organic nutrients. 
Halophiles are able to ferment large number of sugars with gas production, utilize 
intermediate compounds and can utilize variety of proteinic sources (Flannery, et al., 
1952). Generally, high sodium chloride is found to be lethal for microorganisms 
because it causes dehydration, removes oxygen, interferes with enzyme, sensitizes 
carbon dioxide and causes direct action on the cell (Rockwell and Ebertz, 1924). 
Halophiles have developed many strategies to tolerate lethal action of sodium chloride 
described in previous section.  Certain pigmented halophiles have less ability for 
substrate utilization and requires more time for growth.  
 
2.7 Biotechnological applications of halophiles 
Halophilic microorganisms find number of applications in biotechnology. Although 
produced by non-halophilic organisms, halophilic products have distinct advantages. 
Halophilic media are less prone to contamination and produces product with unique 
properties.  
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Table 2.3 Biotechnological applications of halophiles 
Sr. 
No. 
Product Use in biotechnology Producer organism(s) References 
1 Bacteriorhodop
sin 
Preparation of computer storage 
memories and processing unit, 
photoelectric convertors, 
halographic storage materials, 
radiation detector, preparation of 
biosensor 
Halobacterium 
salinarium 
Margesin and 
Schinner, 
2001 
 
3 Biofuel As an alternative of fossil fuel Dunaliella Goldman et al., 
1980 
4 Compatible 
solutes 
moisturizers in cosmetics, 
stabilizers in the polymerase 
chain reaction, Enzyme stabilizer  
Halomonas elongate, 
Marinococcus. 
 
Sauer and 
Galinski, 1998; 
Motitschke et 
al., 2000 
5 Biosurfactant Bioremediation of oil polluted 
site, MEOR,  
Rhodococci,  
B. axarquiensis 
B. malacitensis 
 
Yakimov et al., 
1999, Ruiz-
García 
et al., 2005  
6 β-carotene Antioxident, coloring agent, 
multivitamin preparation 
Dunaliella Borowitzka, 
1986. 
 
7 Poly hydroxyl 
alkanoate, PHB 
As a bioplastics Heloferax 
mediterranei, 
Halomonas boliviensis 
Fernandez-
Castillo et al., 
1986; 
8 Liposomes Medicines and cosmetics Halobacterium 
cutirubrum 
 
Krishnan et al., 
2000, Sprott et 
al., 2003 
9 Bacteriocin 
and halocin 
Medicines Haloferax mediterranii,  
Haloferax gibbonsii 
Platas et al., 
2002; Yun et 
al., 2003 
10 γ-D-glutamic 
acid) 
 
biodegradable thickner, carrier of 
drug, 
food, pharmaceutical industry 
Natrialba sp. 
 
Hezayen 
et al., 2000 
 
11 Fermented 
foods 
Preparation of "nam pla" 
(fermented fish sauce produced in 
Thailand), Development of aroma 
in sauce.  
Halobacterium sp., 
Halococcus sp. 
 
Thongthai and 
Siriwongpairat, 
1990 
 
12 Enzymes 
(amylases, 
nucleases, 
lipases, 
phosphatases, 
proteases etc.) 
Food industries, pharmaceutical 
industries, detergent industries, 
leather industries, and many more 
Halophilic archaea, 
bacteria and eukarya 
Onishi and 
Hidaka, 1978; 
Onishi and 
Sonoda, 1979 
 
13 Protein and 
peptides 
feedstock for crab, shrimp, 
shellfish, chicken 
Dunaliella Galinski and 
Tindall, 1992).  
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Miscellaneous 
Biodegration of oil pollution 
(Aromatic hydrocarbon) 
Haloferax strain D1227 
 
Oriel et al., 
1997 
Production of solar salt by rapid 
evaporation of water (Absorption 
of light due to red pigments) 
Dunaliella, 
Salinibacter 
 
Davis, 1974; 
Jones et al., 
1981 
Treatment of waste water Dunaliella Santos et al., 
2001 
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2.8 Enzymes from halophiles  
Extremozymes have a great economic potential in many industrial processes, 
including agricultural, chemical and pharmaceutical applications. Many consumer 
products will increasingly benefit from the addition or exploitation of extremozymes. 
The extracellular hydrolytic enzymes like lipases, amylases, proteases, pullulanases, 
DNases and xylanases have quite diverse potential usage in different areas such as 
food industry, detergent industry, food and feed additives, biomedical sciences and 
chemical industries (Rao et al., 1998) 
 
2.8.1 Lipases 
Lipases are the enzymes capable of catalyzing the hydrolysis and synthesis of esters 
formed from glycerol and long-chain fatty acids. Lipases are an interesting group of 
enzymes used in detergent industries, food industries, pharmaceutical industries, 
paper-pulp industries etc. Lipases can be obtained from halophilic microorganisms 
like Salinivibrio sp. (Amoozegar et al., 2008), Natronococcus sp. (Boutaiba et al., 
2006), haloarchaeal strains (Ozcan et al., 2009) etc. 
 
2.8.2 Protease 
Proteases are group of hydrolytic enzymes that degrade protein into peptides or amino 
acids. Bacterial proteases are most widely used as additives in laundry detergents, 
food processing, pharmaceuticals, leather and diagnostic reagents, waste management 
as well as silver recovery (Amoozegar et al., 2007). Halophilic proteases have been 
purified and characterized from bacterial species including Halobacillus spp. 
(Karbalaei-Heidari et al., 2009), Bacillus sp. (Kamekura and Onishi, 1974), Salicola 
sp. (Moreno et al., 2009), Pseudoaltermonas sp. (Sanchez-Porro et al., 2003), 
Salinivobrio sp. (Amoozegar et al., 2007) etc. 
 
2.8.3 Amylases 
Starch is composed of D-glucose units. Starch is composed of two forms, amylose 
(15–25%), a linear polymer consisting of α-1, 4-linked glucopyranose residues, and 
amylopectin (75–85%), a branched polymer containing α-1, 6-linked branching points 
occurring at every 17–26 α-1, 4 glycosidic linkages. Starch degrading enzymes can be 
classified into two groups, endo-acting and exo-acting enzymes. Endoamylases (α–
amylases) cleave interior linkages of starch randomly and yield linear and branched 
30 
 
oligosaccharides. Exoamylases hydrolyze the substrate from the non-reducing end. 
Amylases are widely used in baking industries, color and crumb softness, detergent 
industries, paper and pulp industries etc. (Gupta et al., 2003). Amylase producing 
halophiles reported are Halomonas meridiana (Coronado et al., 2000), 
Halothermothrix orenii (Tan et al., 2008), Streptomyces sp. (Chakraborty et al., 2009) 
etc.  
 
2.8.4 Cellulase 
Cellulase is hydrolytic enzyme having effect on cellulose, the most abundant plant 
biomass. Cellulases are classified into three groups: exoglucanases, endoglucanases 
and β–D–glucosidases. Exoglucanases cleave the cellobiosyl units from the non 
reducing ends of the cellulose chains. Endoglucanases hydrolyze the internal 
cellulosic linkages and β–D–glucosidases specifically cleave glucosyl units from the 
non-reducing ends of cello-oligosaccharides. Cellulases are used in textile industries, 
in detergent industries and bioremediation of cellulosic waste (Aygan and Arikan, 
2008). Now a day, cellulases are widely used in fermentation industries for converting 
cellulose to fermentable sugar (Wang et al., 2009). Halophilic cellulase can be 
derived from Bacillus sp. (Aygan et al., 2008), Salinivibrio sp. (Wang et al., 2009) 
etc. 
 
2.8.5 Xylanases 
Xylanases are the enzymes that degrade xylan. Xylanases are widely used in backing 
industries, paper pulping industries as biobleaching (Mamo et al., 2009). Xylanases 
can be derived from halophilic bacteria like Chromohalobacter sp. (Prakash et al., 
2009) and Nesterenkonia sp. (Govender et al., 2009). 
 
2.8.6 Pectinases 
There are basically three types of pectic enzymes  
1. De–esterifying enzymes 
2. Depolymerizing enzymes  and 
3. Protopectinases.  
They can be further classified according to the following criteria; whether they cause 
random cleavage (endo-, liquefying or depolymerizing enzymes) or whether the 
cleavage is endwise (exo- or saccharifying enzymes) ( Kashyap et al., 2001). 
31 
 
Pectinases have been used in retting and degumming of fiber crops, textile processing, 
coffee and tea fermentations, paper and pulp industry, and oil extraction (Hoondal et 
al., 2002). 
 
2.8.7 Chitinases 
Chitinases are the group of enzymes used for degradation of chitin, a polymer present 
in exoskeleton of insects, invertebrates and cell wall of fungi. Chitinases can be 
divided into endo-chitinases and exo-chitinases on the basis of its mode of action. 
Chitinases are widely used in biodegradation of chitin, as a biocontrol agent in 
agriculture etc. Planococcus rifitoensis M2-26 (Badiaa et al., 2009) is an efficient 
Chitinase producing moderate halophilic organism.  
2.9 Applications of Lipase 
Lipases are widely used in various fields like degradation of fatty acid waste (Masse 
et al., 2001), food processing, processing of fats and oils, cosmetics preparation, in 
pharmaceutical industries, paper industries, chemical industries etc. (Kazlauskas and 
Bornscheuer, 1998; Rubin and Dennis, 1997). Most of the lipases are derived from 
fungi and bacteria but halophilic lipases find its application because of their unique 
properties.  
2.9.1 Lipase in food industries 
Fat and oil plays an important role as a nutrient and source of energy in food. Lipases 
are used for the conversion of less desirable lipids to higher value lipids by modifying 
their properties by altering the location of fatty acid chains in the glyceride and 
replacing one or more of the fatty acids with new ones (Pabai et al., 1995a,b; 
Undurraga et al., 2001). Microbial lipases are used to obtain PUFAs (Poly 
Unsaturated Fatty Acids) which are essential for normal synthesis of lipid membranes 
and prostaglandins. PUFA are derived from animals and plant lipids by the action of 
microbial lipases. PUFAs are used as pharmaceuticals, neutraceuticals, and food 
additives (Gill and Valivety, 1997a; Belarbi et al., 2000). Free PUFAs and their 
mono- and diglycerides are subsequently used to produce a variety of pharmaceuticals 
including anti cholesterolemics, anti inflammatories, and thrombolytics (Gill and 
Valivety, 1997b; Belarbi et al., 2000). In addition, lipases have been used for 
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development of flavors in cheese ripening, bakery products, and beverages 
(Kazlauskas and Bornscheuer, 1998). Lipases are also used to remove fat from meat 
and fish products (Kazlauskas and Bornscheuer, 1998).  
 
2.9.2 Lipase in detergent industries 
Lipases are widely used as a detergent additive for the removal of fat from cloths. 
Lipases used for detergent additive must be able to hydrolyze any fat i.e. must have 
low substrate specificity, must be able to tolerate harsh washing conditions like 
extreme pH and temperature and must be stable against surfactant used in detergent. 
Lipases for above purposes and features can be obtained by screening (Yeoh et al., 
1986; Wang et al., 1995) and protein engineering (Kazlauskas and Bornscheuer, 
1998). 
 
2.9.3 Lipase in pulp industries 
Hydrophobic components (Pitch) like wax cause problems in paper and pulp 
manufacturing (Jaeger and Reetz, 1998). Pitch can be removed up to 90% by the 
application of lipase. 
 
2.9.4 Lipase in oleochemical industry  
Lipases are used widely in oleochemical industries for the minimizing thermal 
degradation during glycerolysis, alcoholysis and hydrolysis (Hoq et al., 1985; Arbige 
and Pitcher, 1989). Currently immobilized lipases are used in place of emulsifier and 
organic solvents in oleochemical industries (Sonntag, 1984). Use of thermostable 
lipase in oleochemical industries has bright future (Macrae and Hammond, 1985). 
 
2.9.5 Lipase in polymer synthesis 
Lipases are widely useful in the reaction used for the synthesis of optically active 
polymers (Margolin, 1987). These polymers are used as an asymmetric reagents and 
absorbents. Lipases can also be used for the synthesis of biodegradable aromatic 
polyesters (Linko et al., 1998). 
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2.9.6 Lipase in cosmetics  
Vitamin A and its derivatives have great potential in cosmetics as skin care products. 
Water soluble Vitamin A derivatives are produced by the action of immobilized lipase 
(Maugard et al., 2002). Lipases have also been used for hair waving preparation 
(Saphir, 1967).  
 
2.9.7 Lipase in medical field 
Lipases have been used as digestive aids since long. Many medical drugs contain 
hyaluronidase, thiomucase enzymes and lipases for use in skin inflammations 
(Berrobi et al, 1970). Lipases activate tumor necrosis factors and hence are used for 
the treatment of cancer (Kato et al., 1989). 
 
2.9.8 Lipase in bioremediation 
Lipase derived from bacterial monoculture can be used for the bioaugmentation of 
lubricant contaminated water or soil (Vasileva, 2003).  
 
2.9.9 Lipase as diagnostic tool 
Lipases are used in the determination of serum triglycerides by colorimetric method. 
Serum lipase is an indicator of pancreatic disorder or its injury (Lott and Lu, 1991). 
Apart from all above applications, lipase from pathogenic bacteria is mainly used for 
the bio- typing of those pathogens. Lipases can also be used as a biosensor tool for 
diagnosis of disease. Lipases may be immobilized onto pH/oxygen electrodes in 
combination with glucose oxidase, and these functions as lipid biosensors (Karube 
and Sode, 1998) which can be used for blood cholesterol determination.  
 
2.9.10 Lipase in leather industries 
Lipases are used in leather industries for the removal of fat from it. Fat can be 
removed from bovine leather by the application of organic solvents or surfactants. 
Application of lipases for these purposes can minimize environmental pollution. 
Lipase gives uniform and cleaner leather and reduces fogging of leather. This is the 
main advantage of lipase in leather degreasing.  
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2.9.11 Miscellaneous uses 
Lipases are used for the synthesis of biodiesel from vegetable oils (Shah et al., 2004). 
Lipases can also be applied for the removal of fat layer from waste water for effective 
oxygen penetration during waste water treatment process (Bailey and Ollis, 1986). 
Lipase gives characteristics flavor development in black tea after formation of volatile 
compounds due to enzymatic breakdown of membrane lipid by lipase. 
 
2.10 Isolation of halophiles 
Lipase producing halophiles can be isolated from saline habitats like salt desert, 
crystalline pond, sea, esturine, aquatic animals and other salt containing habitats. 
Halotolerant, Moderate halophiles or extreme halophilic organisms can be isolated on 
different media containing salt. Lipase producing organisms can be isolated from the 
salt habitat contaminated with oil (Wang et al., 1995) 
 
2.11 Screening of extracellular enzyme producing organisms 
Extracellular enzyme producing organisms can be screened on agar media containing 
respective substrates.  Zone of substrate utilization can be considered as an indication 
of enzyme production. 
 
2.11.1 Screening of lipase producing organisms  
Screening of lipase producing organisms can mainly be performed on the medium 
containing tributyrene as a substrate. Lipase producing organisms can be detected on 
the basis of clear zone surrounding colony (Cardenas et al., 2001). Lipase producing 
organisms can also be screened on medium containing Tween-80 and organisms give 
clear zone on medium (Sierra, 1957). They can also be screened on modified 
Rhodamine B agar (Wang et al., 1995). Screening procedure can also be performed 
on N-agar containing olive oil and victoria blue as an indicator chromogenic substrate 
(Samad et al., 1989; Martin et al., 2003). 
 
2.11.2 Screening of protease producing organisms 
Protease producing halophiles can be screened on saline medium containing milk, 
NaCl supplemented with yeast extract and peptone (Ventosa et al., 1982). Zone of 
precipitation of paracasein around the colonies on addition of specific reagents can be 
taken as evidence of proteolytic activity. Protease producing bacteria can also be 
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screened on the media containing 1% (w/v) Casein and same concentration of Milk 
powder (Siddalingeshwara et al., 2010) 
 
2.11.3 Screening of amylase producing organisms  
Amylase producing organisms can be screened using starch agar medium containing 
NaCl. Clear zone surrounding colony after adding iodine solution is an indication of 
amylase production (Amoozegar et al., 2003). 
 
2.11.4 Screening of cellulase producing organisms 
Cellulase producing organisms can be screened on medium containing 0.5% 
Carboxymethyl cellulose. Clear zone surrounding colony is an indica tion of enzyme 
production (Roxana cojoc et al., 2009). 
 
2.11.5 Screening of chitinase producing organisms 
Chitinase producers can be screened on media containing chitin binding dye 
calcofluor white M2R in chitin agar. Microorganisms possessing high chitino lytic 
potential give a clear zone under ultraviolet light (Vaidya et al., 2003). 
 
2.12 Factors affecting lipase production 
Lipase production is generally affected by pH, temperature, substrate concentration, 
dissolved oxygen etc. (Elibol and Ozer, 2001). Besides all above factors, it may also 
affected by availability of triglycerides, free fatty acids, hydrolysable esters, bile salts 
and glycerol which generally induces lipase production. Lipase production can be 
done in liquid media (Chisti, 1999) or solid media (Hemachander et al., 2001). At 
larger scale, submerged culture medium is more effective for lipase production.  
 
2.12.1 Effect of carbon source 
Bacillus species are able to produce lipase in medium containing 1% olive oil but not 
in the medium without olive oil even after long incubation period (Sugihara et al., 
1991). Extracellular lipase production by Rhodotorula glutinis was investigated in 
case of two carbon sources and was compared, palm oil at a concentration of 2% was 
found to yield 12-fold more lipase than the fructose medium (Papaparaskevas et al., 
1992). Similarly, lipase from Penicillium expansum yielded maximum activity at 
0.1% olive oil concentration at pH 8.3. Enzyme stability was enhanced by the addition 
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of Tween-20 and lubrol PX. The enzyme had a preference for triacylglycerols but 
showed no positional specificity (Sztajer et al., 1993). It is clear that oil works as an 
inducer for lipase secretion. Lipase from Pseudomonas pseudoalcaligenes F-111 in a 
medium that contained both olive oil- 0.4% and TritonX-100- 0.2%. Surprisingly, 
addition of Triton X-100 in the medium enhanced lipase production by 50 fold as 
compared to medium containing only olive oil (Lin et al., 1996). Lipase from Bacillus 
thermoleovorans ID-1 showed extracellular lipase activity and high growth rates on 
lipid substrates at elevated temperatures. The organism could use olive oil as a sole 
source of carbon and produced lipase during the late exponential growth phase. The 
organism was able to utilize variety of lipoid substances like olive oil, soybean oil, 
mineral oils, tributyrene, Tween 20 etc. for lipase secretion (Lee et al., 1999). Hence, 
it can be said that lipase is an inducible enzyme and requires presence of lipid for 
induction. 
 
2.12.2 Effect of nitrogen sources 
Lipase production from Acremonium structum required medium containing 35% 
(w/v) soybean meal as the nitrogen source (Okeke and Okolo, 1990). Aspergillus 
oryzae produced maximal lipase in a medium that was containing yeast extract 1%, 
peptone 2%, and soybean meal 3% as nitrogen sources (Ohnishi et al., 1994). The 
enzyme was produced by using olive oil and tributyrene as substrates. 
 
2.12.3 Effect of pH 
pH largely affects production and activity of lipase. The initial pH of the growth 
medium is also important for lipase production. Maximum extracellular lipase activity 
was observed at alkaline pH for P. fragi (pH > 7) (Nashif and Nelson, 1953) and P. 
aeruginosa (pH 9.0) (Nadkarni, 1971). In contrary, some bacteria and fungi prefers to 
produce maximum lipase at acidic pH (4.0–7.0). This was found to be suitable for M. 
caseolyticus (Jonsson and Snygg, 1974) and A. wentii (Chander et al., 1981). 
2.12.4 Effect of temperature  
Temperature is the environmental factor that affects growth and lipase production 
from all the organisms. Several researchers have investigated effect of temperature on 
growth and yield of lipase for different organisms. Acinetobacter calcoaceticus was 
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able to produce maximum lipase in mesophilic temperature range with optimum being 
30˚C. (Mahler et al. 2000). Acinetobacter calcoaceticus LP009 was able to produce 
maximum lipase at lower temperature (15˚C as optimum) (Pratuangdejkul and 
Dharmsthiti 2000). Contrary, Bacillus strain A30-1 (ATCC 53841) was able to 
produce maximum lipase in thermophilic conditions i.e. 60˚C (Wang et al. 1995).  
 
2.13 Purification of Lipase 
The purification strategies employed for industrial scale purification of enzyme must 
be inexpensive, rapid, high-yielding and amenable to large-scale operations. It must 
yield continuous product recovery with fewer by-products. Purification of any 
enzyme is necessary for industrial purposes, understanding three dimensional 
structures and to determine structure- function relationship of proteins (Aires-Barros et 
al., 1994). Researchers must determine optimal purification strategies for microbial 
lipases (Saxena et al., 2003). Purification methods available for lipase are generally 
non-specific like precipitation, hydrophobic interaction, chromatography, gel 
filtration, and ion exchange chromatography. Affinity chromatography has been used 
in some cases to reduce the number of individual purification steps needed (Woolley 
and Peterson, 1994). An extracellular lipase from Acetobacter calcoaceticus BD 413 
was purified to homogeneity using hydrophobic interaction FPLC (Fast Performance 
Liquid Chromatography) (Kok et al., 1995). Lipase from Pichia burtonii was purified 
to homogeneity by a combination of DEAE-Sephadex A-50 ion exchange 
chromatography, Sephadex G-100 gel filtration, and isoelectric focusing (Sugihara et 
al., 1995). Extracellular lipase from Rhizopus oryzae can be purified by the 
combination of ammonium sulfate precipitation, sulfopropyl Sepharose 
chromatography, Sephadex G-75 gel filtration, and a second sulfopropyl Sepharose 
chromatography step. Lipase was purified 1200 fold by above steps (Hiol et al., 
2000). A lipase from thermophilic Bacillus sp. was purified by ammonium sulfate and 
phenyl Sepharose column chromatography with 175 fold activity (Nawani and Kaur, 
2000). Lipase from P. aeruginosa MB5001 was purified using a three-step procedure; 
concentration by ultrafiltration was followed by ion exchange chromatography and 
gel filtration (Chartrain et al. 1993). All the processes for purification of lipase are 
applied for small scale and little information is available for enzyme purification at 
larger scale.  
 
38 
 
2.14 Characterization of lipase 
Lipase must be characterized for various parameters like pH optima, thermal stability, 
temperature optima, effect of inorganic salts etc.  
 
2.14.1 pH optima of lipase 
Lipase from halophilic bacteria is affected by change in pH and it having unique pH 
optima. Maximum lipase activity would be at neutral or alkaline pH, with the 
exception of lipase from Pseudomonas fluorescens SIK W1 that has an acidic 
optimum pH of 4.8. But in general, bacterial lipases are stable in a wide range of pH, 
from pH 4 to 11 (Gupta et al., 2004). Lipase derived from halotolerant 
Staphylococcus warneri PB233 was stable between pH 5 to 12 with optimum activity 
at pH 7 (Werasit and Anan, 2007). Lipases from Bacillus stearothermophillus SB-1, 
B. atrophaeus SB-2 and B.licheniformis SB-3 were active over a broad range of pH 
from 3-12 (Bradoo et al., 1999), where as lipase from B. thermoleovorans CCR11 
was most active at pH 9-11 and was found to be stable at broad range of pH from 5-11 
(Castro-Ochoa et al., 2005). The purified lipase from marine Vibrio fischeri showed 
maximum stability at pH 8. At the pH values below 5, lipase lost about 40% of its 
activity after holding for 4 hrs. The pH range for stability was found to be 7 to 9 
(Ranjitha et al., 2009). 
  
2.14.2 Thermostability of lipase 
Thermal stability is a desirable characteristic of lipases (Janssen et al., 1994). 
Bacterial lipases have been reported to have an optimum temperature in the range of 
30 - 60°C. But there are some strains which have thermo-stability even at 
temperatures up to 100ºC (Gupta et al., 2004). Lipase derived from halotolerant 
Staphylococcus warneri PB233 was stable between 30-80˚C with optimum activity at 
40˚C (Werasit and Anan, 2007). Lipase of V. fischeri showed 80% stability at 35ºC, 
but the least residual activities was at 5 to 10˚C and 50ºC. No activity was observed in 
60- 65ºC and above (Ranjitha et al., 2009). The important thermostable enzyme from 
Bacillus had its maximum activity at 60˚ C and retained 100% of the original activity 
after being held at 75˚C for 30 min. The half- life of the enzyme was 8 h at 75˚C. The 
enzyme retained at least 90% of the original activity after being incubated at 60˚ C for 
15 hour (Wang et al., 1995). Industrial lipases must have such high thermostability in 
order to be used for various purposes. Similar type of thermostable lipases were 
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isolated from different bacterial species like, B. stearothermophilus (Kim et al., 
1998); Aeromonas sobria (Lotrakul and Dharmsthiti, 1997); Bacillus sp. (Wang et al., 
1995; Sidhu et al., 1998); B. cereus (El-Shafei and Rezkallah, 1997); P. fluorescens 
(Kojima et al., 1994); Geotrichum sp. (Macedo et al., 1997). Some reports shows 
increase in thermostability of lipase by the addition of stabilizer like sorbitol, glycerol 
and ethylene glycol (Nawani and Kaur, 2000).  
 
2.14.3 Effect of inorganic salts on lipase activity  
The effect of inorganic salts on lipase activity is either stimulatory or inhibitory. 
CaCl2 is found to enhance enzyme activity and other salts have antagonistic effect 
(Ventos et al., 1998). But in general, the influence of different metal ions is specific 
and different for each type of bacterial lipases depending on the origin of the same 
(Bora and Kalita, 2004). Bacterial lipase from Penicillium roqueforti IAM7268 was 
not affected by Ca2 +, Mg2 +, Mn2 +, Na +, K+, Cu2 + , EDTA, p-chloro mercuribenzoic 
acid, and iodoacetate (Mase et al., 1995). In contrast, the enzyme was inhibited by Ag 
+, Fe2 +, Hg2 +, and isopropyl fluorophosphate. Lipases from S.aureus and            S. 
hyicus were stimulated by Ca2+ and inhibited by EDTA (Dharmsthiti et al., 1998). 
Lipase of P. aeruginosa KKA-5 retained its activity in the presence of Ca2 + and Mg2 + 
but was slightly inhibited by Mn2 +, Cd2 +, and Cu2 +. Salts of heavy metals like Fe2 +, 
Zn2 +, Hg2 +, Fe3 + strongly inhibited the lipase, suggesting that they were able to alter 
the 3-D conformation of enzyme (Sharon et al., 1998). 
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3.1. Sample Collection 
A total of 10 samples of back waters of sea were collected from Little Rann of Kutch 
near Surajbari Bridge- Kutch, Gujarat, India [Latitude- 23°12'4.95"N and Longitude- 
70°43'2.45"E] (Figure-3.1 A & B)  including 5 salt samples, 2 soil (mud) samples and 
3 water samples within 2 km. area.  Samples  of excreta of wild ass were also 
collected from  ―Indian wild ass sanctuary‖ near Dhrangadha, Dist- Surendranagar, 
Gujarat, India near little Rann of Kutch [Latitude- 22°98'4.181"N and Longitude- 
71°51'0.242"E] (Figure-3.2). All the samples were characterized in terms of physical 
and chemical parameters.  
Figure-3.1(A): site for the collection of sea samples (Red marks).  
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Fig-3.1 (B): site for the collection of sea samples (Red marks).  
 
Figure-3.2 site for the collection of excreta samples (Red marks).  
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3.2. Enrichment and isolation of Organisms 
Separate flasks with 50 ml sterile complete medium broth containing: (gm/100 ml) 
glucose 1; peptone 0.5; yeast extract 0.5; KH2PO4 1; Sodium Chloride 5-35; pH 7.2-
7.4 and halophilic broth (Himedia) containing: (gm/100 ml) Casein acid hydrolysate-
1; Yeast extract 1; Protease peptone-0.5; Trisodium citrate 0.3; Potassium chloride 
0.2; Magnesium sulfate 2.5; Sodium chloride 5-35; pH 7.2-7.4.were added with a 
pinch of soil sample, salt sample and 3 ml of water sample.   
Outer surface of wild ass excreta was scraped with sterilized knife in order to remove 
surface contaminants and then inoculated into 50 ml sterile complete medium broth 
containing: (gm/100 ml) glucose 1; peptone 0.5; yeast extract 0.5; KH2PO4 1; Sodium 
Chloride 5-15; pH 7.2-7.4 and halophilic broth (Himedia) containing: (gm/100 ml) 
Casein acid hydrolysate 1; Yeast extract 1; Protease peptone-0.5; Trisodium citrate 
0.3; Potassium chloride 0.2; Magnesium sulfate 2.5; Sodium chloride 5-15; pH 7.2-
7.4. Well isolated colonies were selected and pure cultures were obtained by 
subsequent streaking on agar plates.  Total 30 isolates (extreme halophiles) were 
obtained from sea water and muddy soil samples and were designated from Ku-1 to 
Ku-30. Total 24 isolates (Moderate halophiles) were isolated from excreta of wild  ass 
and designated from Mk-1 to Mk-24. 
3.3. Maintenance of the Culture 
The isolates were transferred on the slants (Complete medium, pH 7.2, salt 
concentration 15% w/v for extreme halophiles and 8% salt for moderate halophiles) 
and stored at 4º C.  The organisms were sub cultured monthly. All the 54 isolates 
were also preserved in glycerol stock culture.  
3.4 Identification of the halophiles 
All the 54 isolates were identified on the basis of Bergey’s Manual of Systemic 
Bacteriology.  
3.5 Characterization of organisms 
The organisms were characterized in terms of colony morphology on halophilic agar 
containing: (gm/100 ml) Casein acid hydrolysate-1; Yeast extract 1; Protease peptone-
0.5; trisodium citrate 0.3; Potassium chloride 0.2; Magnesium sulfate 2.5; Sodium 
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chloride 20 (For extreme halophiles) and 10 (For moderate halophiles); Agar-3; pH 
7.2-7.4. Organisms were also characterized in terms of Gram’s staining and capsules 
staining by bright field microscopy after activation in halophilic broth. Bile salt 
(Sodium deoxycholate, Himedia) tolerance in intestinal bacteria flora of wild ass was 
checked on halophilic agar containing bile salt. Intestinal bacteria were also studied 
on the basis of growth on MacConkey’s agar and EMB agar.  
3.6 Inoculum Preparation  
For inoculum preparation, a loopful of culture from the culture suspensions prepared 
from pure cultures on slants was added in 25 ml sterile Halophilic broth and incubated 
on shaker for 24 hrs at 37o C.  5 ml from this activated culture was then inoculated 
into 100 ml of sterile Halophilic broth (pH 7.2; salt 20% w/v for extreme halophiles 
and 10%w/v for moderate halophiles) and incubated for 24 h on shaker at 37ºC. 
3.7 Screening for lipase 
Lipase producers were screened by using Tributyrene agar plates containing, (gm/ 
100ml) Yeast extract- 1, NaCl- 10 (For moderate halophiles) 20 (For extreme 
halophiles), pH- 7.2, Agar- 3 and tributyrene- 1ml. Actively growing cultures of 
different isolates were inoculated on solid media by micropipette to perform spot test  
and plates were incubated for 3 days at 30oC. After 3 days, plates were analyzed for 
clear zone surrounding the colony and zone index was calculated on the basis of ratio 
of zone diameter and colony diameter.  
 
3.8 Screening for Amylase 
For the screening of amylase producers, starch agar (gm/ 100ml): Starch- 0.2, Yeast 
extract- 0.5, Peptone- 1, NaCl- 10 (For moderate halophiles) 20 (For extreme 
halophiles), Agar- 3 and pH- 7.2 was used as a medium. Actively growing cultures of 
moderate and extreme halophiles were inoculated into medium by micropipette for 
spot test. All the plates were incubated for 2 days at 30˚ C. After incubation, iodine 
solution (gm/100ml: Iodine- 0.33, KI- 0.66) was added for the detection of clear zone 
surrounding the colony against blue background. Zone index was measured on the 
basis of ratio of zone diameter to colony diameter.  
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3.9 Screening for protease 
Detection of protease production was carried out on Milk agar plates containing 
(gm/100ml) casein-3, peptone-1, yeast extract- 0.5, NaCl- 10 (For moderate 
halophiles) 20 (For extreme halophiles), Agar- 3 and gelatin agar medium containing 
(gm/ 100ml) Gelatin- 3, Peptone 1, NaCl 10 (For moderate halophiles) 20 (For 
extreme halophiles) and Agar- 3. The pH of the medium was adjusted to 7.2 by 
adding separately autoclaved 20% w/v Na2CO3. Actively growing cultures were 
inoculated on the medium as a spot. All the plates were incubated at 30˚C for 72 hrs. 
Protease production was monitored by adding Frazier's reagent.. Colonies showing 
clear zone in the surrounding area were considered to be protease producers. Zone 
index was measured on the basis of ratio of zone diameter to colony diameter.  
3.10 Screening for Cellulase 
Cellulase producing organisms were screened on Dubo’s agar medium containing 
cellulose. Actively growing cultures were inoculated on Dubo’s agar medium 
containing (gm/100 ml): Cellulose- 1, K2HPO4- 0.1, NaNO3- 1, KCl- 0.05, 
MgSO4·7H2O- 0.05, FeSO4·7H2O- 0.001, Agar- 3, NaCl- 10 (For moderate 
halophiles) 20 (For extreme halophiles) and pH 7.2. All the plates were incubated at 
30ºC for 5 days. Zone index was measured on the basis of ratio of zone diameter to 
colony diameter. 
3.11 Screening for Chitinase  
For screening of Chitinase producers, Chitin agar plates containing: (gm/100 ml): 
Chitin- 1, Yeast extract- 0.5, Peptone- 0.5, NaCl- 10 (For moderate halophiles) 20 
(For extreme halophiles), pH 7.2 and Agar- 3 were used. Actively growing cultures of 
Isolates were inoculated on the above plates and incubated for 72 hr at 37ºC, plates 
were observed for clear zone surrounding the colony.  
3.12 Effect of salt, pH, temperature and substrate on Growth and Lipase  
            Production 
3.12.1 Effect of Salt 
The effect of salt on growth and enzyme production by isolates was studied on 
Tributyrene agar plates with varying salt concentrations (10%-35% w/v for extreme 
halophiles and 10%-15% for moderate halophiles).  After incubation for 72 hrs at 
30ºC, enzyme secretion was detected by clear zone surrounding the colonies.  
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3.12.2 Effect of pH 
To monitor the effect of pH on growth and enzyme production, the pH of medium 
(Tributyrene agar plate) was adjusted by adding different amount of 1N HCl and 20% 
Na2CO3 (pH 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12).  The enzyme secretion was detected 
after 72 hrs at 30ºC. 
3.12.3 Effect of Temperature 
The effect of temperature on growth and enzyme production was checked by 
incubating Tributyrene agar plates at different temperatures. The temperatures of the 
medium were adjusted to 20˚C, 30˚C, 40˚C, 50˚C, & 60˚C.  The enzyme production 
was detected after 72 hrs at 30ºC. 
3.12.4 Effect of substrate concentration 
The effect of substrate concentration on growth and enzyme production was checked 
by adding different amounts of substrate (Tributyrene- 1%, 2%, 3%, 4%, 5%, 6%) 
into the medium. After incubation, enzyme production was detected after 72 hrs at 
30ºC All the organisms were grown on medium containing olive oil as a substrate for 
the study of effect of salt, temperature and pH.  
3.13 Effect of salt and pH on Growth and Amylase production 
3.13.1 Effect of Salt 
The effect of salt on growth and enzyme production by isolates was studied on Starch 
agar plates at varying salt concentrations (10%-35% w/v for extreme halophiles and 
10%-15% for moderate halophiles).  After incubation for 72 hrs at 30ºC, enzyme 
secretion was detected by clear zone surrounding colony after adding iodine solution. 
3.13.2 Effect of pH 
To monitor the effect of pH on growth and enzyme production, the pH of medium 
(Starch agar plate) was set by adding different amounts of 1N HCl and 20% Na2CO3 
(pH 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12).  The enzyme production was detected after 72 
hrs. 
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3.13.3 Effect of Temperature 
The effect of temperature on growth and enzyme production was checked by 
incubating Starch agar plates at different temperatures. The incubation temperatures 
were adjusted to 20˚C, 30˚C, 40˚C, 50˚C, 60˚C,.  The enzyme production was 
detected after 72 hrs. 
3.14 Enzyme assay for lipase 
Lipase activity was determined as described by Pignede et al, by using olive oil as a 
substrate. 
The assay: 
 The substrate emulsion was prepared with 50 ml olive oil and 100ml phosphate 
buffer. The reaction mixture contained 1 ml enzyme, 5 ml substrate and 2 ml of 50 
mM phosphate buffer, pH 6.8 and was incubated for 1 hour at 37ºC with shaking. The 
reaction was stopped with 4 ml of acetone: ethanol (1:1) containing 0.09% 
phenolphthalein as an indicator. Enzyme activity was determined by titration of the 
fatty acid released with 50mM sodium hydroxide solution. One international unit of 
enzyme is defined as enzyme activity that produced 1μmole of fatty acid per min.  
Formula: 
Enzyme activity= Volume of alkali consumed × Normality of alkali /weight of 
                                    Sample × time (min.) 
3.16 Growth Kinetics with Reference to lipase Production 
Activation of the culture was carried out in sterile complete media broth 
 Complete media broth  
Tributyrene     1 ml 
Peptone     1gm 
Yeast extracts     0.5gm 
Sodium chloride    10 gm (For moderate halophiles) 
15 gm (For extreme halophiles) 
Distilled water    100 ml 
pH      7.2 
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Growth and enzyme productivity at different time intervals was monitored.  After 
every 8 hrs, samples were withdrawn aseptically from the growing culture and 
absorbance was measured at 540 nm.  Graph of absorbance versus time was plo tted.  
Similarly the enzyme activity was also measured from the sample to find optimum 
enzyme production. 
3.17 Optimization of Medium for lipase production 
 
3.17.1 Optimization of salt concentration: 
Optimization of salt concentration for optimum enzyme production was carried out by 
adding varying NaCl concentrations in liquid media. NaCl concentration was 
maintained as 10%, 11%, 12%, 13%, 14%, and 15% for moderate halophiles and 
10%, 15%, 20%, 25%, 30%, and 35% for extreme halophiles. Incubation period was  
followed by the measurement of enzyme activity.  
 
3.17.2 Optimization of pH: 
Optimization of pH for optimum enzyme production was carried out by setting 
varying pH values (adjusted by adding 1N HCl or 20% Na2Co3) in liquid media. 
Different pH values i.e. 4, 5, 6, 7, 8, 9, 10 were set for optimization.  
 
3.17.3 Optimization of Temperature: 
Temperatures were optimized by incubating media at 20˚C, 30˚C, 40˚C, 50˚C & 60˚C 
and were assayed by method discussed by Pignede et al. 
 
3.17.4 Optimization of Substrate concentration: 
Substrate concentration optimization was carried out by inoculating organisms into 
medium with different substrate (Tributyrene) concentration i.e. 1%, 2%, 3%, 4%, 5% 
and 6%. All the flasks were incubated in shaking condition at 30ºC followed by 
measurement of enzyme activity.  
  
3.18 Amylase assay 
Enzyme assay for amylase was carried out by Dinitrosalicylic acid (DNSA) method 
using starch as the substrate. The enzyme (0.5ml) was added to 0.5ml 1% starch 
solution. The reaction was incubated at 30o C for 10 min and then the enzyme reaction 
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was terminated by the addition of 1.0 ml Dinitrosalycilic acid reagent (1g, 
Dinitrosalicylic acid; 1.6 g, NaOH; 30g, Sodium potassium tartarate; D/W, 100ml). 
After termination, the reaction tube was kept in boiling water bath for 10 min. The 
reaction mixture was diluted up to 10 ml by addition of D/W and the absorbance was 
measured at 540 nm.  One unit of amylase was defined as the amount of enzyme 
liberating 1 µg of maltose per minute under the assay conditions. Enzyme units were 
measured using standard maltose (100-1000 µg). 
 
3.19 Effect of pH, temperature, nitrogen source and substrate concentration on  
       growth and amylase production  
3.19.1 Effect of pH on growth and amylase production   
For the investigation of effect of pH on amylase production in liquid media, starch 
broth was prepared containing: (gm/ 100ml): Starch- 0.5, Yeast extract- 0.5, Peptone- 
1, and NaCl- 10. Organisms screened on solid starch agar plates were inoculated into 
medium containing pH-5, 6, 7, 8, and 9. pH was adjusted by adding either 1N HCl or 
20% Na2Co3. All the flasks were incubated at 30˚ C in shaking condition and biomass 
and enzyme activity were measured at an interval of 24 hrs.  
 
3.19.2 Effect of temperature on growth and amylase production  
To check optimum temperature for halophilic amylase, starch broth containing: (gm/ 
100ml): Starch- 0.5, Yeast extract- 0.5, Peptone- 1, NaCl- 10, pH-6. All the flasks 
were inoculated with actively growing cells as inoculum. 5% inoculum was added  
into assay medium. Incubation was performed at different temperature i.e. 25˚C, 
37˚C, and 50˚C followed by measurement of biomass and enzyme activity at an 
interval of 24 hrs. 
 
3.19.3 Effect of nitrogen sources on growth and amylase production  
Effect of Nitrogen Sources on growth and amylase production was studied using 
different organic and inorganic nitrogen sources like Peptone, glycine, ammonium 
sulfate and urea at a concentration of 1 % (w/v). Additionally, medium also 
contained: (gm/100ml) Starch- 0.5, Yeast extract- 0.5, NaCl- 10, pH-6. The flasks 
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were incubated at 37˚C, biomass and enzyme activity were measured at an interval of 
24 hrs. 
3.19.4 Effect of starch concentration on growth and amylase production  
Effect of starch concentration on growth and amylase production was studied using 
different starch concentrations (0.3%, 0.6%, 0.9%, 1.2% and 1.5%) and medium 
containing: (gm/100ml) Yeast extract- 0.5, NaCl- 10, peptone- 1, pH-6. The flasks 
were incubated at 37˚C, biomass and enzyme activity were measured at an interval of 
24 hrs. 
3.20 Substrate kinetics (Km and Vmax) for amylase  
Substrate kinetics i.e. Km and Vmax were determined for crude amylase on substrate 
starch. The enzyme assay was carried out at various concentrations of starch in the 
range of 2-10 mg/ml. Enzyme activity was determined by DNSA method using 
maltose (100-1000 µg) as a standard. The Km and Vmax were determined on the 
basis of substrate curve. 
3.21 Partial Purification of lipase 
The crude lipase was fractioned by ammonium sulphate precipitation. Various 
fractions were collected i.e. 20%, 40%, 60%, 80% and 100%. After addition of 
particular amount of ammonium sulphate, solution in the flasks was stirred on 
magnetic stirrer. Then it was placed in refrigerator for overnight. Precipitated 
fractions were collected by centrifugation of broth at 10,000 rpm at 4˚C for 10 mins. 
The fractions were dissolved in little amount of phosphate buffer and dialyzed by 
dialysis membrane (Himedia) at 4˚C for overnight. Dialyzed enzyme was used as a 
source of crude enzyme. All the fractions were analyzed in terms of protein content 
by Folin’s method and amount of lipase by Pignede’s method.  
3.22 Characterization of lipase 
3.22.1. Temperature optima of lipase 
In order to determine temperature optima of lipase, reaction mixture was incubated at 
different temperatures. The range of temperature was 20˚C to 70○C. Lipase activity 
was determined by the Pignede’s method as described earlier.  
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3.22.2 Thermal stability  
Thermal stability of lipase was determined by incubating enzyme at 60˚C and 70˚C 
for 1 hour and 2 hour followed by rapid cooling at 4˚C. The enzyme activity was 
performed by Pignede’s method and residual activity was calculated from available 
data. 
3.22.3 Effect of pH on lipase  
 The effect of pH on lipase was determined by preparing the substrate emulsion in 
various buffers with varying pH. Buffers were Citrate phosphate buffer (pH 5-7); 
Tris-HCl buffer (pH 8-9); Glycine-NaOH buffer (pH 9-10); NaOH-Borax buffer (pH 
10-11). After incubation of reaction mixture for 1 hour in shaking condition, lipase 
activity was determined. 
3.22.4 Effect of inorganic salts on lipase 
Effect of inorganic salts on lipase activity was determined by incubating enzyme at 
30˚C for 1 hour followed by determination of enzyme activity. Inorganic salts were 
NaCl (10 Mm), BaCl2 (0.001 M), MgCl2 (0.001 M), KCl (2 Mm), FeSo4 (0.001 M), 
CaCl2 (0.001 M), NaF (2 Mm), MnCl2 (2 Mm), Ethylene diamine tetra acetic acid 
(0.5%), Sodium dodecyl sulphate (0.5%). To determine effect of inorganic salts on 
lipase activity, it was compared with control containing no inorganic salts.  
3.22.6 Effect of urea on lipase denaturation  
Urea was used as denaturant at 8 M.  The partially purified lipase was incubated for 1 
hour and 2 hour (24 hours for one organism). After incubation, enzyme activity was 
determined by method discussed and residual activity was calculated by co mparison 
with control containing no urea.  
3.23 UV survival curve for halophiles  
After activation of organisms on complete media broth, biomass of an organism was 
obtained by centrifugation at 8,000 rpm for 10 mins followed by resuspending in 
sterile N-saline solution. The organisms were exposed to UV radiation for different 
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time  interval (30 sec. to 120 sec.) at the distance of 30 cm. UV exposed cells were 
serially diluted up to 10-7. Appropriate diluted samples were plated on Complete 
medium agar containing (gm/100 ml) Glucose-1; Peptone-1; Yeast extract- 0.5; 
Sodium chloride- 10 (For moderate halophiles) and 15 (For extreme halophiles); pH- 
7.2. After incubation at 30˚C for 48 hours, colonies of each plate were counted and 
no. of organisms was calculated on the basis of following formula.  
N=Y/VX 
 
Where,    N=No. of organisms, 
           Y= No. of colonies, 
                    V=Volume of aliquote, 
                                                          X=Dilution 
3.24 UV Mutagenesis 
Activated cultures of halophiles were taken in sterile empty 10 ml centrifuge tube 
followed by centrifugation at 8,000 rpm for 10 mins. After centrifugation, 
supernatants were discarded and pellets were redissolved into sterile N-saline 
solution. The cultures was then taken into sterile petriplates and was exposed to UV 
radiation for 90 sec. at the distance of 30 cm. Exposed cultures tubes were wrapped 
with carbon paper in order to prevent photoreactivation. Then UV exposed and 
unexposed cultures were inoculated into medium containing 1% Tributyrene. All the 
media were incubated at particular time period on shaking condition followed by 
measurement of enzyme activity.  
3.25 Molecular identification of selected isolates 
Molecular identification (16’s r-RNA sequencing) was performed for Mk-4, Mk-18, 
Mk-24, Ku-10, Ku-19 and Ku-20 at Gujarat State Biotechnology Mission (GSBTM). 
Bioinformatics tools were used to construct dandogram.  
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 Samples collected from different sampling sites including water, salt, mud and 
excreta samples vary in their physical appearance like colour, texture, moisture 
content and in microbial variety.  
 Halophiles from wild ass excreta could tolerate 5-15%, NaCl w/v. However, 
isolates obtained from water, salt and mud samples could tolerate NaCl up to 
35%, w/v  
Table-4.1 Characterization of samples 
S.No. Collection site Appearance Color Isolated 
organisms 
M-1 2 km form Surajbari 
ri bridge, towards 
east 
  
Salt sample, Granular, 
Slightly wet  
White Ku-1, Ku-2, 
 Ku-3 
M- 2 1 km. from Surajbari 
ri bridge, towards 
north 
 
Salt sample, Granular, 
Very wet  
Off-white Ku-4, Ku-5 
M-3 1.5 km from 
Surajbari ri bridge, 
towards 
north  
Mud sample, Sticky Black Ku-6, Ku-7, 
Ku-8 
M-4 1.5 km from 
Surajbari ri bridge, 
towards 
north  
Salt sample, Granular, 
Very wet 
Off-white Ku-9, Ku-10, 
Ku-11, Ku-12 
M-5 Under surajbari 
bridge 
Salt sample, Granular, 
Slightly wet 
Off-white Ku-13, Ku-14, 
Ku-15 
M-6 Under the Surajbari ri 
bridge 
Mud sample, Sticky, 
Wet (mud with water) 
Black Ku-16, Ku-17, 
Ku-18 
M-7 1 km from Surajbari 
ri bridge, towards  
north  
Salt sample, Granular, 
Wet with high amount of 
moisture. 
Blackish-
white 
Ku-19, Ku-20, 
Ku-21, Ku-22 
M-8 Near Surajbari bridge 
e, towards north 
Water sample, 
Clear water with no 
turbidity 
Clear Ku-23, Ku-24, 
Ku-25 
M-9 Near Dhrangadhra  
(Dist.-Surandranagar) 
Excreta of wild ass, 
Dry with no moisture 
Black Mk-1 to Mk-
24. 
 
M-10 Under Surajbari 
bridge 
Water sample, 
  High turbidity 
Highly 
turbid 
Ku-28, 
Ku-29, 
Ku-30 
M-11 1 km from Surajbari 
ri bridge, towards 
north  
Water sample, 
water with little turbidity 
 Slight 
turbid 
Ku-26, 
Ku-27 
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 Total 24 moderate halophiles were obtained from wild ass excreta samples (Mk-1 
to  Mk-24) and 30 extreme halophiles were isolated from other samples (Ku-1 to 
Ku-30) as indicated in Table-4.1 
 All the isolates have diversity in colony characteristics (Table- 4.2 to 4.8) and 
also diversified cell morphology on the basis of Gram’s staining (Figure- 4.1). 
 
Table- 4.2 Colony characteristics of moderate halophiles (Mk-1 to Mk-8) 
 
 
 
 
 
Isolates→ 
Colony 
characters↓ 
Mk-1 
 
Mk-2 Mk-3 Mk-4 Mk-5 Mk-6 Mk-7 Mk-8 
Size  Big Small Medium Big Medium Medium Medium Small 
Shape Irregular Round Round Round Round Irregular Round Round 
Margin Irregular Entire Entire Entire Entire Undulate Entire Entire 
Elevation Flat Slightly 
Raised 
Flat Slightly 
Raised 
Flat Flat Slightly 
Raised 
Slightly 
Raised 
Texture Smooth Smooth Rough Rough Rough Smooth Rough Rough 
Consistency Sticky Sticky Sticky Powdery Sticky Sticky Powdery Powdery 
Pigmentation White White White White White White White White 
Opacity Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
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Table- 4.3 Colony characteristics of moderate halophiles (Mk-9 to Mk-16) 
Table- 4.4 Colony characteristics of moderate halophiles (Mk-17 to Mk-24) 
Isolates→ 
Colony 
characters↓ 
Mk-9 Mk-10 Mk-11 
 
Mk-12 Mk-13 Mk-14 Mk-15 Mk-16 
Size  Big Medium Medium Small Medium Big Medium Small 
Shape Round Round Irregular Round Irregular Round Irregular Round 
Margin Entire Entire Irregular Entire Irregular Entire Irregular Entire 
Elevation Flat Flat Flat Raised Slightly 
raised 
Raised Flat Raised 
Texture Smooth Smooth Smooth Rough Smooth Rough Rough Smooth 
Consistency Sticky Sticky Sticky Powdery Sticky Rigid Powdery Sticky 
Pigmentation White White White White White White White White 
Opacity Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Isolates→ 
                   
Colony 
characters↓ 
Mk-17 Mk-18 Mk-19 Mk-20 Mk-21 
 
Mk-22 Mk-23 Mk-24 
Size  Small Small Medium Medium Medium Medium Medium Small 
Shape Round Round Round Round Round Round Round Round 
Margin Entire Entire Entire Entire Entire Entire Entire Entire 
Elevation Raised Raised Raised Raised Raised Raised Raised Flat 
Texture Smooth Smooth Rough Smooth Smooth Smooth Rough Rough 
Consistency Sticky Rigid Rigid Sticky Sticky Sticky Sticky Powdery 
Pigmentation White White White White White White White White 
Opacity Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
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Table- 4.5 Colony characteristics of extreme halophiles (Ku-1 to Ku-8) 
Table- 4.6 Colony characteristics of extreme halophiles (Ku-9 to Ku-16) 
Isolates→ 
               Colony 
characters↓ 
Ku-1 
 
Ku-2 Ku-3 Ku-4 Ku-5 Ku-6 Ku-7 Ku-8 
Size  Big Medium Small Medium Big Medium Small Medium 
Shape Round Round Irregular Round Irregular Round Round Irregular 
Margin Entire Entire Irregular Irregular Irregular Irregular Entire Irregular 
Elevation Raised Slightly 
Raised 
Flat Raised Slightly 
Raised 
Flat Raised Slightly 
Raised 
Texture Rough Rough Rough Rough Smooth Smooth Smooth Rough 
Consistency Sticky Powdery Powdery Powdery Sticky Rigid Rigid Sticky 
Pigmentation White Yellowish Yellowish Pink Pink White White Yellowish 
Opacity Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Isolates→ 
               
Colony 
    characters↓ 
Ku-9 Ku-10 Ku-11 
 
Ku-12 Ku-13 Ku-14 Ku-15 Ku-16 
Size  Medium Big Small Medium Big Big Big Medium 
Shape Irregular Round Round Irregular Irregular Round Round Round 
Margin Irregular Entire Entire Irregular Irregular Irregular Irregular Entire 
Elevation Flat Raised Flat Flat Flat Raised Flat Flat 
Texture Rough Smooth Rough Rough Smooth Smooth Smooth Rough 
Consistency Powdery Sticky Rigid Rigid Powdery Rough Slimy Powdery 
Pigmentation White White White Pink Pink White White White 
Opacity Trans-
lucent 
Trans-
lucent 
Trans- lucent Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
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Table- 4.7 Colony characteristics of extreme halophiles (Ku-17 to Ku-24) 
Table- 4.8 Colony characteristics of extreme halophiles (Ku-25 to Ku-30) 
Isolates→ 
                Colony 
    characters↓ 
Ku-17 Ku-18 Ku-19 Ku-20 Ku-21 
 
Ku-22 Ku-23 Ku-24 
Size  Medium Small Big Small Big Medium Small Medium 
Shape Irregular Irregular Round Round Irregular Irregular Round Round 
Margin Irregular Irregular Entire Entire Irregular Irregular Entire Entire 
Elevation Slightly 
Raised 
Raised Flat Raised Slightly 
Raised 
Slightly 
Raised 
Flat Raised 
Texture Smooth Rough Smooth Smooth Smooth Smooth Rough Smooth 
Consistency Slimy Rigid Slimy Slimy Slimy Slimy Powdery Rigid 
Pigmentation Pink Pink White White White White White White 
Opacity Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Trans-
lucent 
Isolates→ 
                   
Colony 
         
characters↓ 
Ku-25 Ku-26 Ku-27 Ku-28 Ku-29 Ku-30 
Size  Small  Big Small Big Big Medium 
Shape Irregular Round Irregular Irregular Irregular Round 
Margin Irregular Entire Irregular Irregular Irregular Entire 
Elevation Raised Slightly 
Raised 
Flat Flat Raised Slightly 
Raised 
Texture Rough Rough Smooth Rough Rough Rough 
Consistency Rigid Powdery Slimy Powdery Rigid Rigid 
Pigmentation Pink White White Pink White Pink 
Opacity Trans- lucent Trans- lucent Trans- lucent Trans- lucent Trans- lucent Trans- lucent 
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Figure- 4.1 Gram’s Staining of Isolates 
 
              Mk-1     Mk-2                                  Mk-3 
              
           Mk-4                                          Mk-5                    Mk-6 
               
               Mk-7        Mk-8                                        Mk-9 
              
Mk-10                                                 Mk-11       Mk-12 
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61 
 
            Ku-1      Ku-2                                          Ku-3 
         
              Ku-4                                       Ku-5     Ku-6 
          
               Ku-7      Ku-8                                               Ku-9 
              
            Ku-10                                        Ku-11                                       Ku-12 
                  
          
 
 
62 
 
           Ku-13        Ku-14                                        Ku-15 
              
            Ku-16                                        Ku-17                                      Ku-18 
           
              Ku-19        Ku-20                                 Ku-21 
          
               Ku-22                                       Ku-23                                 Ku-24 
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              Ku-25     Ku-26                                        Ku-27 
          
               Ku-28                                     Ku-29                                   Ku-30 
          
 Results of biochemical tests performed for the identification of the isolates as per 
9th edition of Bergey’s Manual of Systematic Bacteriology showed different 
biochemical  and morphological properties 
 As is indicated in Table-4.9 to 4.19, differences in their biochemical reactions 
were significant. 
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Table- 4.9 Result of Biochemical Tests for Samples - (Mk-1 to Mk-5) 
Sr. 
No. 
Name of the Test Mk-1 Mk-2 Mk-3 Mk-4 Mk-5 
1 Gram’s stain + + Variable Variable + 
2 Capsule Stain - - - - - 
3 Cell shape Long 
rods 
Long 
rods 
Long rods Long 
rods 
Long 
rods 
4 Methyl Red test + - - - - 
5 Voges-Proskaur test + - - - - 
6 Starch hydrolysis - - - - - 
7 Casein hydrolysis + - - + - 
8 Gelatin hydrolysis + - - + - 
9 Citrate utilization - + + - - 
10 Indole production - - - - - 
11 Motility + - + + - 
12 Catalase + + + + + 
13 Phenyl- alanine deaminase - - - - - 
14 Nitrate reduction + + + + - 
15 Growth on Nacl      
 2% NaCl - - + - - 
 5% NaCl + + + + + 
 7% NaCl + + + + + 
 9% NaCl + + + + + 
16 Growth on pH      
 pH 5 + + + + + 
 pH 9 + + + + - 
17 Urease - - - - - 
18 Growth at Temperature      
 4○C - + - - - 
 37○C + + + + + 
 50○C + + + + + 
19 Acid production from      
 Glucose + + + + - 
 Maltose - - + - - 
 Fructose + + + + - 
 Sucrose - + + + - 
 Xylose - + + + - 
20 Growth on MacConky’s agar - - - - - 
21 Growth on EMB agar - - - - - 
22 Bile salt tolerance + + + + + 
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Table- 4.10 Result of Biochemical Tests for Samples- (Mk-6 to Mk-10) 
Sr. 
No. 
Name of the Test Mk-6 Mk-7 Mk-8 Mk-9 Mk-10 
1 Gram’s stain Variable + + Variable + 
2 Capsule Stain - - - - - 
3 Cell shape Long rods Long rods Long rods Long rods Long rods 
4 Methyl Red test - + - - - 
5 Voges-Proskaur test - - - - - 
6 Starch hydrolysis + + - + - 
7 Casein hydrolysis + + - - - 
8 Gelatin hydrolysis + + - - - 
9 Citrate utilization - - + - - 
10 Indole production - - - - - 
11 Motility - + + + + 
12 Catalase + + + + + 
13 Phenyl- alanine 
deaminase 
- - - - - 
14 Nitrate reduction + + + - - 
15 Growth on Nacl      
 2% NaCl - - + - + 
 5% NaCl + - + - + 
 7% NaCl + + + + + 
 9% NaCl + + + + + 
16 Growth on pH      
 pH 5 + + + + + 
 pH 9 + - + + - 
17 Urease - - - - - 
18 Growth at Temperature      
 4○C - - - - - 
 37○C + + + + + 
 50○C + + + + + 
19 Acid production from      
 Glucose + + - + - 
 Maltose + + - + - 
 Fructose + - - + - 
 Sucrose + + - - - 
 Xylose + - - + - 
20 Growth on MacConky’s 
agar 
- - - - - 
21 Growth on EMB agar - - - - - 
22 Bile salt tolerance + + + + + 
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Table- 4.11 Result of Biochemical Tests for Samples - (Mk-11 to Mk-15) 
Sr. 
No. 
Name of the Test Mk-11 Mk-12 Mk-13 Mk-14 Mk-15 
1 Gram’s stain + Variable Variable Variable Variable 
2 Capsule Stain - - - - - 
3 Cell shape Long 
rods 
Long rods Long rods Long 
rods 
Long rods 
4 Methyl Red test - - - - - 
5 Voges-Proskaur test - - - - - 
6 Starch hydrolysis - + - - + 
7 Casein hydrolysis + + - - + 
8 Gelatin hydrolysis + + - - + 
9 Citrate utilization + - - - - 
10 Indole production - - - - - 
11 Motility - + - + + 
12 Catalase + + + + + 
13 Phenyl-alanine deaminase - - - - - 
14 Nitrate reduction - - - - + 
15 Growth on Nacl      
 2% NaCl - + - - - 
 5% NaCl + + + + + 
 7% NaCl + + + + + 
 9% NaCl + + + + + 
16 Growth on pH      
 pH 5 + + + + + 
 pH 9 + + + + + 
17 Urease - - - -  
18 Growth at Temperature      
 4○C - - - - - 
 37○C + + + + + 
 50○C + + + + - 
19 Acid production from      
 Glucose + - - + + 
 Maltose + - - - + 
 Fructose - - - - + 
 Sucrose - - - - - 
 Xylose + - - - + 
20 Growth on MacConky’s 
agar 
- - - - - 
21 Growth on EMB agar - - - - - 
22 Bile salt tolerance + + + + + 
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Table- 4.12 Result of Biochemical Tests for Samples- (Mk-16 to Mk-20) 
Sr. 
No. 
Name of the Test Mk-16 Mk-17 Mk-18 Mk-19 Mk-20 
1 Gram’s stain Variable Variable Variable Variable + 
2 Capsule Stain - - - - - 
3 Cell shape Long rods Long rods Long rods Long rods Long rods 
4 Methyl Red test + + - - - 
5 Voges-Proskaur test + - - - - 
6 Starch hydrolysis + + - + - 
7 Casein hydrolysis - + + + - 
8 Gelatin hydrolysis - + + + - 
9 Citrate utilization + + - - - 
10 Indole production - - - - - 
11 Motility + + + - + 
12 Catalase + + + + + 
13 Phenyl- alanine deaminase - - - - - 
14 Nitrate reduction + - + - + 
15 Growth on Nacl      
 2% NaCl - - - + - 
 5% NaCl + + + + + 
 7% NaCl + + + + + 
 9% NaCl + + + + + 
16 Growth on pH      
 pH 5 + + + + + 
 pH 9 + + + + + 
17 Urease - - - - - 
18 Growth at Temperature      
 4○C - - - - - 
 37○C + + + + + 
 50○C + + + - + 
19 Acid production from      
 Glucose + + + + - 
 Maltose - + - - - 
 Fructose + + + - - 
 Sucrose + + - + - 
 Xylose + + + + - 
20 Growth on MacConky’s 
agar 
- - - - - 
21 Growth on EMB agar - - - - - 
22 Bile salt tolerance + + + + + 
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Table- 4.13 Result of Biochemical Tests for Samples - (Mk-21 to Mk-24) 
Sr. 
No. 
Name of the Test Mk-21 Mk-22 Mk-23 Mk-24 
1 Gram’s stain Variable + + + 
2 Capsule Stain - - - - 
3 Cell shape Long rods Long rods Long rods Long rods 
4 Methyl Red test - - - - 
5 Voges-Proskaur test - - - - 
6 Starch hydrolysis + - - - 
7 Casein hydrolysis - - + + 
8 Gelatin hydrolysis - - + + 
9 Citrate utilization - - - - 
10 Indole production - - - - 
11 Motility + - - + 
12 Catalase + + + + 
13 Phenyl- alanine deaminase - - - - 
14 Nitrate reduction - - + + 
15 Growth on Nacl     
 2% NaCl - - - - 
 5% NaCl + + + + 
 7% NaCl + + + + 
 9% NaCl + + + + 
16 Growth on pH     
 pH 5 + + + + 
 pH 9 + + + + 
17 Urease - - - - 
18 Growth at Temperature     
 4○C - + - - 
 37○C + + + + 
 50○C + - + + 
19 Acid production from     
 Glucose + - + + 
 Maltose + - - - 
 Fructose + - - + 
 Sucrose + - - + 
 Xylose + - + + 
20 Growth on MacConky’s 
agar 
- - - - 
21 Growth on EMB agar - - - - 
22 Bile salt tolerance + + + + 
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Table- 4.14 Result of Biochemical Tests for Samples - (Ku-1 to Ku-5) 
Sr. 
No. 
Name of the Test Ku-1 Ku-2 Ku-3 Ku-4 Ku-5 
1 Gram’s stain Variable + + + Variable 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis - - - - + 
6 Casein hydrolysis - - - - - 
7 Gelatin hydrolysis - - - - - 
8 Indole production - - - - - 
9 Motility + + + - - 
10 Catalase + + + + + 
11 Phenyl-alanine deaminase - - - - - 
12 Nitrate reduction + + + + - 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + + + 
 Maltose - - - - + 
 Fructose - + + + + 
 Sucrose - + + - + 
 Xylose + + - - + 
 Mannitol - - - - - 
16 Growth on MacConky’s 
agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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Table- 4.15 Result of Biochemical Tests for Samples - (Ku-6 to Ku-10) 
 
Sr. 
No. 
Name of the Test Ku-6 Ku-7 Ku-8 Ku-9 Ku-10 
1 Gram’s stain + + Variable + + 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis - - + - - 
6 Casein hydrolysis - - + + + 
7 Gelatin hydrolysis - - + + + 
8 Indole production - - - - - 
9 Motility + - - + - 
10 Catalase + + + + + 
11 Phenyl-alanine 
deaminase 
- - - - - 
12 Nitrate reduction - + - - - 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + + + 
 Maltose + - - + + 
 Fructose + - - - - 
 Sucrose + - - - - 
 Xylose + - + + + 
 Mannitol - - - - - 
16 Growth on 
MacConky’s agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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Table- 4.16 Result of Biochemical Tests for Samples - (Ku-11 to Ku-15) 
 
Sr. No. Name of the Test Ku-11 Ku-12 Ku-13 Ku-14 Ku-15 
1 Gram’s stain + + + Variable Variable 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis - + - + - 
6 Casein hydrolysis - + - + - 
7 Gelatin hydrolysis - + - + - 
8 Indole production - - - + + 
9 Motility + + + + + 
10 Catalase + + + + + 
11 Phenyl- alanine deaminase - - - - - 
12 Nitrate reduction + + + + + 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + - + 
 Maltose - + + - - 
 Fructose - - + - - 
 Sucrose - - - - - 
 Xylose - + + - - 
 Mannitol - - - - - 
16 Growth on MacConky’s 
agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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Table- 4.17 Result of Biochemical Tests for Samples - (Ku-16 to Ku-20) 
 
Sr. No. Name of the Test Ku-16 Ku-17 Ku-18 Ku-19 Ku-20 
1 Gram’s stain + Variable Variable Variable + 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis + - - - + 
6 Casein hydrolysis + + + - + 
7 Gelatin hydrolysis + + + - + 
8 Indole production - - - - - 
9 Motility + - - - - 
10 Catalase + + + + + 
11 Phenyl- alanine deaminase - - - - - 
12 Nitrate reduction + + + + + 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + + + 
 Maltose - + + + - 
 Fructose + + + - - 
 Sucrose + + + + - 
 Xylose - - - + + 
 Mannitol - - - - - 
16 Growth on MacConky’s 
agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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Table- 4.18 Result of Biochemical Tests for Samples - (Ku-21 to Ku-25) 
 
Sr. No. Name of the Test Ku-21 Ku-22 Ku-23 Ku-24 Ku-25 
1 Gram’s stain + Variable + + Variable 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis - - - - - 
6 Casein hydrolysis + - - - - 
7 Gelatin hydrolysis + - - - - 
8 Indole production - - - + + 
9 Motility - + + + + 
10 Catalase + + + + + 
11 Phenyl- alanine deaminase - - - - - 
12 Nitrate reduction + + + + + 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + + + 
 Maltose + + - + + 
 Fructose + + - + + 
 Sucrose + - - - - 
 Xylose + + - + + 
 Mannitol - - - - - 
16 Growth on MacConky’s 
agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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Table- 4.19 Result of Biochemical Tests for Samples - (Ku-26 to Ku-30) 
 
Sr. No. Name of the Test Ku-26 Ku-27 Ku-28 Ku-29 Ku-30 
1 Gram’s stain + Variable + Variable Variable 
2 Capsule Stain - - - - - 
3 Cell shape      
4 H2S production - - - - - 
5 Starch hydrolysis - + - - - 
6 Casein hydrolysis - + - - + 
7 Gelatin hydrolysis - + - - + 
8 Indole production - + - - + 
9 Motility + - + + + 
10 Catalase + + + + + 
11 Phenyl- alanine deaminase - - - - - 
12 Nitrate reduction - - - + - 
13 Lipolytic + + + + + 
14 Urease - - - - - 
15 Acid production from      
 Glucose + + + - + 
 Maltose + - - - - 
 Fructose + + + + + 
 Sucrose + - - - - 
 Xylose + + + - + 
 Mannitol - - + - - 
16 Growth on MacConky’s 
agar 
- - - - - 
17 Growth on EMB agar - - - - - 
18 Bile salt tolerance - - - - - 
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 Moderate halophiles isolated from wild ass excreta were highly diversified in 
terms of extracellular hydrolytic enzyme production viz. lipase, protease, 
amylase, cellulase and chitinase (Graph- 4.1 to 4.5). 
 All the extremophiles have the ability to secrete extracellular lipase while none of 
them were able to produce extracellular chitinases or cellulases (Graph- 4.6 to 
4.8).  
Enyme production profile from moderate halophiles 
Graph- 4.1 Amylase Production 
 
Graph- 4.2 Lipase Production 
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Graph- 4.3 Protease Production 
 
Graph- 4.4 Cellulase Production 
 
Graph- 4.5 Chitinase Production 
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Enyme production profile from extreme halophiles 
Graph- 4.6 Amylase Production 
 
Graph- 4.7 Lipase Production 
 
Graph- 4.8 Protease 
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Parameter optimization for amylase production by moderate halophiles on solid 
media 
 pH was found to have significant effect on enzyme production profile of all the 
isolates effect of pH was studied for the production of Lipase and Amylase 
enzymes only as these two enzymes have been found to be produced extensively 
by halophiles studied. 
Graphs 4.9 Effect of pH  
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 All the moderate halophiles could grow well up to 13% NaCl (W/V) but some 
isolate failed to grow above 13% NaCl. Highest amylase secretion was at 10% 
and 11% NaCl concentrations. Increase in salt concentration lead to decreased 
amylase production (Graphs- 4.10).  
Graphs 4.10 Effect of NaCl  
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 All the moderate halophiles preferred to grow and produce highest amount of 
amylase at 30˚C. Lower or higher temperature affected growth and enzyme 
secretion (Graphs- 4.11). 
Graph 4.11 Effect of Temperature 
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Table-4.20 Optimum and range of pH, NaCl and temperature for amylase 
production from moderate halophiles 
 
Parameter optimization for amylase production by moderate halophiles on liquid 
media 
 Mk-21 was found to be best amylase producer. It passed through lag phage in initial  
       24 hours and then entered into log phase (Graph- 4.12). 
 
 
 
 
 
 
Sr. 
No 
Isolates  
 
pH 
 
NaCl (%) Temperature (˚C) 
Optimum Range 
 
Optimum Range 
 
Optimum Range 
 
1 Mk-6 6 4-9 11 10-13 30 30-40 
2 Mk-7 5 4-9 10 10-13 30 20-40 
3 Mk-9 5 4-8 10 10-15 30 30-40 
4 Mk-12 5 3-8 11 10-15 30 20-40 
5 Mk-15 4 3-7 11 10-14 30 20-40 
6 Mk-17 6 4-9 11 10-15 30 20-40 
7 Mk-21 6 4-8 10,11,13 10-15 30 30-50 
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Graph 4.12 Growth and amylase production pattern of Mk-21 
 
 Mk-21 produced maximum amylase and biomass at pH 6.0 (Graphs- 4.13).  
Graph 4.13 Effect of pH  
 
 
 Mk-21 was able to produce maximum amylase as well as biomass at 30˚C (Graph- 
4.14). 
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Graph 4.14 Effect of temperature on biomass and amylase production from Mk-21 
 
 Among various nitrogen sources like peptone, glycine, ammonium sulphate and 
urea, best nitrogen source for maximum biomass and enzyme production was 
found to be peptone (Graph- 4.15). 
Graph 4.15 Effect of nitrogen sources 
 
 1.2% starch (W/V) was found to be the best for enzyme and biomass production 
(Graph- 4.16). 
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Graph 4.16 Effect of starch 
 
 On the basis of substrate curve, Km and Vmax were found to be 1 mg/ml and  
    1 μm/min respectively.  
Effect of pH, NaCl, Temperature and Substrate concetration on lipase production 
by moderate halophiles 
 Acidic to neutral pH was found suitable for lipase production on solid media 
(Graphs- 4.17). 
Graphs- 4.17 Effect of pH  
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 Moderate halophiles were able to secrete maximum lipase on tributyrene agar 
media at salt concentration 10%-11% (Graphs- 4.18). 
Graphs- 4.18 Effect of NaCl 
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 Moderate halophiles prefer to grow and produce highest lipase at the temperature 
of 30˚C and 40˚C. Very few isolates could grow at 60˚C (Graphs- 4.19). 
Graphs- 4.19 Effect of Temperature 
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 Lipase secretion increased when tributyrene concentration increased from 1% to 
4%. Tributyrene concentration above 5% adversely affected lipase production 
and even inhibited growth of most isolates (Graphs- 4.20).  
Graphs- 4.20 Effect of tributyrene concentration 
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Table-4.21 Range and optimum pH, salt, temperature and Tributyrene 
requirement for lipase production from moderate halophiles. 
 
Effect of pH, NaCl, Temperature and Substrate concetration on lipase production 
by extreme halophiles 
 None of the organisms among 30 extreme halophiles could grow at acidic pH 2 
and 3 as well as alkaline pH 11 and 12. Maximum lipase production was 
achieved at neutral pH (pH 7 and 8) in case of majority of isolates (Graphs- 
4.21).  
 
Sr 
.No 
Isolates pH 
 
Salt (%) Temperature (˚C) Tributyrene (%) 
Optimum Range 
 
Optimum Range 
 
Optimum Range 
 
Optimum Range 
 
1 Mk-4 5 4-9 11 10-15 30 20-50 3 1-4 
2 Mk-6 6 6-10 11 10-14 30 20-40 3 1-4 
3 Mk-8 5 4-10 10 10-15 30 20-60 4 1-4 
4 Mk-16 5 4-9 13 10-13 40 20-50 1 1-5 
5 Mk-17 5 5-9 12 10-15 30 20-50 4 1-5 
6 Mk-18 4 4-8 12 10-15 30 20-40 4 1-4 
7 Mk-20 5 5-9 10 10-13 30 30-50 1 1-5 
8 Mk-23 6 4-10 11 10-13 30 20-50 4 1-5 
9 Mk-24 5 4-9 11- 
 12 
10-12 20 20-40 4 1-5 
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Graphs- 4.21Effect of pH 
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 All the isolates could grow at 10%- 35% NaCl concentration but majority of 
them produced highest lipase at 10% and 15% NaCl concentration (Graphs- 
4.22).  
Graphs- 4.22 Effect of NaCl 
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 Extreme halophiles preferred to grow and produce highest lipase at 30˚C and 
40˚C temperatures. Very few isolates could grow at 60˚C (Graphs- 4.23).  
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Graphs 4.23 Effect of Temperature  
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Table-4.22 Optimum and range of pH, Salt and temperature requirement for lipase 
production from extreme Halophiles 
 
 
Sr.  
No 
Isolates  pH 
 
Salt (%) Temperature (˚C) 
Optimum Range 
 
Optimum Range 
 
Optimum Range 
 
1 Ku-1 10 5-10 15 10-30 30 20-40 
2 Ku-2 7 4-10 15 10-35 30 20-50 
3 Ku-3 4 4-10 20 10-25 50 30-50 
4 Ku-4 8 4-10 15 10-25 30 30-40 
5 Ku-5 6 4-9 10 10-35 30 20-50 
6 Ku-6 7 5-9 10 10-35 30 20-50 
7 Ku-7 7 4-9 15 10-30 40 30-50 
8 Ku-8 7 5-9 15 10-30 30 20-50 
9 Ku-9 7 5-11 15 10-35 30 30-60 
10 Ku-10 7 5-10 10, 25 10-30 30-40 20-50 
11 Ku-11 7 4-9 25 10-35 40 20-50 
12 Ku-12 8 5-9 10 10-35 30 20-50 
13 Ku-13 7 5-9 15 10-35 30 20-50 
14 Ku-14 5 4-9 25 10-35 30 20-50 
15 Ku-15 10 5-10 20 10-30 30 20-50 
16 Ku-16 8 4-8 10 10-35 40 20-50 
17 Ku-17 10 6-10 10-20 10-25 20 20-50 
18 Ku-18 8 4-8 15 10-35 30 20-50 
19 Ku-19 7 6-10 10 10-35 30 20-50 
20 Ku-20 7 5-9 10 10-35 30 20-50 
21 Ku-21 7 5-9 20 10-25 30 20-60 
22 Ku-22 8 6-10 10 10-35 30 20-50 
23 Ku-23 7 5-9 15 10-35 30 20-60 
24 Ku-24 8 5-10 15 10-35 30 20-50 
25 Ku-25 7 6-9 15, 25 10-30 40 20-50 
26 Ku-26 9 5-9 20 10-35 20 20-40 
27 Ku-27 7 4-8 15 10-35 30 20-50 
28 Ku-28 8 6-10 15 10-35 30 20-50 
29 Ku-29 9 6-11 10 10-30 30 20-50 
30 Ku-30 9 5-9 10 10-35 30 20-60 
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Effect of pH, salt, temperature and substrate concentration on lipase secretion in 
liquid media 
 Three moderate and three extreme halophiles were selected on the basis of zone 
index for further study on lipase production in liquid media. Growth and lipase 
production pattern for all the isolates is shown in graph- 4.24-4.30  
Graph 4.24 Isolate Mk-4 
 
Graph 4.25 Isolate Mk-18 
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Graph 4.26 Isolate Mk-23 
 
Graph 4.27 Isolate Ku-10 
 
Graph 4.28 Isolate Ku-19 
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Graph 4.29 Isolate Ku-20 
 
 Modrate halophilic isolate preferred to grow and produced lipase in the pH range 
of 5-8 while extreme halophilic isolates preferred pH range of 5-10 for growth 
and 7-10 for lipase production. (Graph-4.30 to 4.35). 
Graph 4.30 Effect of pH on Mk-4 
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Graph 4.31 Effect of pH on Mk-18 
 
Graph 4.32 Effect of pH on Mk-23 
 
 
Graph 4.33 Effect of pH on Ku-10 
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Graph 4.34 Effect of pH on Ku-19 
 
Graph 4.35 Effect of pH on Ku-20 
 
 
 Modrate halophilic isolate preferred to grow and produced lipase at salt 
concentration of 10-15% with 10-11% being optimum. while extreme halophilic 
isolates preferred salt concentration of 10-35% for growth with 10-15% being 
optimum for lipase production (Graph-4.36 to 4.41). 
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Graph 4.36 Effect of NaCl on Mk-4 
 
Graph 4.37 Effect of NaCl on Mk-18 
 
Graph 4.38 Effect of NaCl on Mk-23 
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Graph 4.39 Effect of NaCl on Ku-10 
 
Graph 4.40 Effect of NaCl on Ku-19 
 
Graph 4.41 Effect of NaCl on Ku-20 
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 Modrate halophilic isolate preferred to grow and produced lipase at at 30˚C . 
while extreme halophilic isolates preferred 30-40˚C for growth and lipase 
production (Graph-4.42 to 4.47). 
Graph 4.42 Effect of temperature on Mk-4 
 
 
Graph 4.43 Effect of temperature on Mk-18 
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Graph 4.44 Effect of temperature with on Mk-23 
 
Graph 4.45 Effect of temperature on Ku-10 
 
Graph 4.46 Effect of temperature with on Ku-19 
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Graph 4.47 Effect of temperature on Ku-20 
 
 Modrate halophilic isolate preferred to grow at 3-5% tributyrene concentration 
while optimum lipase production was found at 4-6%.  Extreme halophilic isolates 
preferred to grow at 1-6% tributyrene while 4-6% tributyrene for lipase 
production (Graph-4.48 to 4.53). 
 
Graph 4.48 Effect of tributyrene on Mk-4 
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Graph 4.49 Effect of tributyrene on Mk-18 
 
Graph 4.50 Effect of tributyrene on Mk-23 
 
Graph 4.51 Effect of tributyrene on Ku-10 
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Graph 4.52 Effect of tributyrene on Ku-19 
 
Graph 4.53 Effect of tributyrene on Ku-20 
 
 
Partial purification of lipase 
Partial purification of lipase was carried out by salting out with ammonium sulphate. The 
broth could not be precipitated beyond 80% properly. Protein estimation was performed 
by Foiln- Lawry’s method (Graph- 4.54). 
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Graph 4.54 Standard Curve of Protein (BSA) by Folin-Lawry's Method 
 
 
 
 Lipase from Mk-4 was purified 1.36 fold in 60%-80% ammonium sulphate 
fraction with 26.41 U/mg specific activity and 33.3% yield (Table-4.23) 
Table-4.23 Partial purification of lipase from Mk-4 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification  
fold 
Yield 
(%) 
1. Crude 
enzyme  
 
 
3800 196 19.3 - 100 
2. 0-20% 3 22 0.13 0.006 0.08 
3. 20-40% 
 
 
3 29.3 0.10 0.005 0.08 
4. 40-60% 
 
 
114 50 2.28 0.12 3 
5 60-80% 1268 48 26.41 1.36 33.3 
6 80-100% 180 8.3 21.68 1.12 4.7 
 
122 
 
 Partially purified lipase from Mk-18 was obtained in 60%-80% with 3.44 fold 
purification, 40 units/mg specific activity and 70% yield (Table-4.24) 
Table-4.24 Partial purification of lipase from Mk-18 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification 
fold 
Yield 
(%) 
1. Crude enzyme 
 
 
2800 240 11.6 - 100 
2. 0-20% 0 18 0 0 0 
3. 20-40% 
 
 
3 22 0.13 0.01 0.1 
4. 40-60% 
 
 
19 44 0.43 0.03 0.7 
5 60-80% 1960 49 40 3.44 70 
6 80-100% 211 11 19.18 1.65 7.5 
 Lipase from Mk-23 was purified 1.98 fold in 60%-80% ammonium sulphate 
fraction with with 42.72U/mg specific activity and 42.2% yield (Table-4.25). 
Table-4.25 Partial purification of lipase from Mk-23 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification 
fold 
Yield 
(%) 
1. Crude 
enzyme  
 
 
4760 220 21.63 - 100 
2. 0-20% 10 9.8 1.02 0.05 0.2 
3. 20-40% 
 
 
20 12 1.67 0.08 0.4 
4. 40-60% 
 
 
23 43 0.53 0.02 0.5 
5 60-80% 2008 47 42.72 1.98 42.2 
6 80-100% 71 8.1 8.76 0.4 1.5 
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 Lipase from Ku-10 was purified 2.91 fold in 60%-80% ammonium sulphate 
fraction with with 29.1 U/mg specific activity and 55% yield (Table-4.26). 
Table-4.26 Partial purification of lipase from Ku-10 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification 
fold 
Yield 
(%) 
1. Crude 
enzyme  
 
 
2060 206 10 - 100 
2. 0-20% 11 21 0.51 0.05 0.53 
3. 20-40% 
 
 
10 21 0.5 0.05 0.4 
4. 40-60% 
 
 
20 38 0.52 0.05 1 
5 60-80% 1134 39 29.1 2.91 55 
6 80-100% 4.5 7.5 0.6 0.06 0.2 
 
 Partially purified lipase was obtained from Ku-19 in the 40%-60% fraction with 
5 fold purification, 57.76 units/mg specific activity and 54.15% yield (Table-
4.27). 
Table-4.27 Partial purification of lipase from Ku-19 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification 
fold 
Yield 
(%) 
1. Crude 
enzyme  
 
 
2240 194 11.54 - 100 
2. 0-20% 12 19 0.63 0.05 0.5 
3. 20-40% 
 
 
30 23 1.3 0.1 1.3 
4. 40-60% 
 
 
1213 21 57.76 5 54.15 
5 60-80% 90 25 3.6 0.3 4 
6 80-100% 0 0.71 0 0 0 
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 Partially purified lipase was obtained from Ku-20 in 60%-80% fraction with 4 
fold purification, 41 units/mg specific activity and 50.2% yield (Table-4.28). 
Table-4.28 Partial purification of lipase from Ku-20 
No. Step Activity 
(Units/ml) 
Protein 
(mg/ml) 
Specific 
Activity 
(Units/mg) 
Purification 
fold 
Yield 
(%) 
1. Crude 
enzyme  
1960 192 10.2 - 100 
2. 0-20% 19 13 1.46 0.14 0.96 
3. 20-40% 25 12 2.1 0.2 1.27 
4. 40-60% 55 25 2.2 0.21 2.8 
5 60-80% 983 24 41 4 50.2 
6 80-100% 16 5.1 3.1 0.3 0.05 
 
Parameters optimization for lipase activity 
Crude and partially purified lipases were characterized for temperature optima, 
temperature stability, pH optima, effect of inorganic salt on activity etc.  
 Optimum lipase activity from crude as well as partially purified enzyme samples 
from modrate halophilic isolate was observed in the range of 30-40˚C temperature. 
Optimum lipase activity from crude as well as partially purified enzyme samples 
from extreme halophilic isolate was observed in the range of 40-70˚C temperature. 
(Graph-4.55 to 4.60). 
Graph 4.55 Temperature optima for lipase activity from Mk-4 
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Graph 4.56 Temperature optima for lipase activity from Mk-18 
 
Graph 4.57 Temperature optima for lipase activity from Mk-23 
 
Graph 4.58 Temperature optima for lipase activity from Ku-10 
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Graph 4.59 Temperature optima for lipase activity from Ku-19 
 
Graph 4.60 Temperature optima for lipase activity from Ku-20 
 
 The study of temperature stability from crude and partially purified enzymes 
from all the isolates was carried out at  60 and 70˚ C and both showed same 
pattern. Partially prified enzyme was found to be more stable as compare to crude 
sample (Graph-4.61-4.66) 
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Graph 4.61 Temperature stability for lipase activity from Mk-4 at 60˚C 
 
Graph 4.62 Temperature stability for lipase activity from Mk-4 at 70˚C 
 
Graph 4.63 Temperature stability for lipase activity from Mk-18 at 60˚C 
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Graph 4.64 Temperature stability for lipase activity from Mk-18 at 70˚C 
 
Graph 4.65Temperature stability for lipase activity from Mk-23 at 60˚C 
 
Graph 4.66 Temperature stability for lipase activity from Mk-23 at 70˚C 
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Graph 4.67Temperature stability for lipase activity from Ku-10 at 60˚C 
 
Graph 4.68 Temperature stability for lipase activity from Ku-10 at 70˚C 
 
Graph 4.69Temperature stability for lipase activity from Ku-19 at 60˚C 
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Graph 4.70 Temperature stability for lipase activity from Ku-19 at 70˚C 
 
Graph 4.71 Temperature stability for lipase activity from Ku-20 at 60˚C 
 
Graph 4.72 Temperature stability for lipase activity from Ku-20 at 70˚C 
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 Optimum lipase activity from crude as well as partially purified enzyme samples 
from modrate  halophilic isolate was observed in the pH range of 4-6. Optimum 
lipase activity from crude as well as partially purified enzyme samples from extreme 
halophilic isolate was observed in the pH range of 6-8 (Graph-4.73 to 4.78). 
 
Graph 4.73 pH optima for lipase activity from Mk-4 
 
 
Graph 4.74 pH optima for lipase activity from Mk-18 
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Graph 4.75 pH optima for lipase activity from Mk-23 
 
Graph 4.76 pH optima for lipase activity from Ku-10 
 
Graph 4.77 pH optima for lipase activity from Ku-19 
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Graph 4.78 pH optima for lipase from Ku-20 
 
 
 
 Various inorganic salts were tested for their effect on lipase activity (Graph- 4.79 
to 4.84). Crude and partially purified enzymes from moderate as well as extreme 
halophiles showed almost the same pattern of inhibition/induction by he salts.  
 
 Graph 4.79 Effect of different inorganic salts on lipase activity from Mk-4 
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Graph 4.80 Effect of different inorganic salts on lipase activity from Mk-18 
 
Graph 4.81 Effect of different inorganic salts on lipase activity from Mk-23 
 
Graph 4.82 Effect of different inorganic salts on lipase activity from Ku-10 
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Graph 4.83 Effect of different inorganic salts on lipase activity from Ku-19 
 
Graph 4.84 Effect of different inorganic salts on lipase activity from Ku-20 
 
Graph 4.85 Effect of urea on lipase activity from Mk-4 
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 Study of effect of 8M urea on activity of partially purified lipase from moderate 
and extreme halophilic isolate showed inhibitory effect as shown in graph- 4.86 
to 8.91 
Graph 4.86 Effect of urea on lipase activity from Mk-18 
 
Graph 4.87 Effect of urea on lipase activity from Mk-23 
 
Graph 4.88 Effect of urea on lipase activity from Ku-10 
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Graph 4.89 Effect of urea on lipase activity from Ku-19 
 
 
Graph 4.90 Effect of urea on lipase activity from Ku-20 
 
 
 Study of effect of UV rays (As an environmental factor) was performed which 
indicated decline in population of halophiles as exposure time increased (at 280 
n.m) as shown in table 4.29.  
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Table- 4.29 UV survival data of halophiles 
TT 
 
 
 
 
(SeTime (s) 
 
 
 
 
 
Mk-4 
 
 
 
 
 
Mk-18 
 
 
 
 
 
Mk-23 
 
 
 
 
 
Ku-10 
  
 
 
 
 
Ku-19 
 
 
 
 
 
Ku-20 
 
      0 25×108 20×108 1×109 14.7×109 88×108 33.6×107 
10 60×108 12.3×108 11×108 …… …… 55.1×107 
20 98×107 11×107 1×108 19.2×107 23.8×107 10.4×107 
30 22×107 12.8×107 27×107 61.9×105 35×106 7.8×105 
40 10×106 …… 2.5×107 11.2×105 31.55×104 12.8×105 
50 17×105 …… 39×106 51×104 34.9×104 12.2×105 
60 20×104 …… 21.9×106 31.5×104 18.8×104 …… 
70 19.8×105 14.2×104 23×105 21.5×104 21.65×103 34×104 
80 21.8×104 75×103 20×104 
 
36.25×103 …… 
90 0 31.5×103 22.8×105 17.8×104 …… …… 
100 0 22.8×103 11×103 23×101 …… 28×102 
110 18.9×103 40×103 99×102 326    220 …… 
120 50×102 65×102 31×102 164    143 5×102 
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UV mutagenesis for lipase 
All the six isolates were exposed in UV radiation in order to carryout random 
mutagenesis in lipase producing gene for the improvement of lipase production. From 
moderate halophiles, isolate Mk-23 showed 3.4 U/ml increase in lipase production after 
UV exposure. Other five isolates did not show any considerable increase in lipase 
production (Graph-4.91). 
Graph 4.91 Effect of UV irradiation on lipase production mutagenesis 
 
 Phylogenetic analysis on the basis of 16’s r-RNA sequence analysis was carried 
out and dandogram was prepared to study phylogeny among isolates.  
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Discussion 
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 Till date, most of the research on halophilic organisms has been done from 
halophiles isolated from soda lakes, Dead Sea, Sea water etc. Present research is 
on the unique halophilic bacteria in coastal region of Gujarat, particularly from 
Little Rann of Kutch and intestine of wild ass living in the saline desert of Kutch. 
India is having a great diversity of halophiles as it contains two oceans, two gulfs 
and a bay as well as saline deserts.  
 
 With this background, total 54 salt tolerant organisms were isolated from Little 
Rann of Kutch and its nearby areas. 30 extreme halophiles were isolated from 
samples collected from back water of sea, mud and salt samples while 24 
moderate halophiles were isolated from excreta of wild ass, collected from wild 
ass sanctuary in this area. The samples vary vastly in their physical appearance as 
well as chemical, moisture and microbial content indicating existing of different 
ecological niche in the same geographical as well as climatic region. 
 
 Enrichment of halophilic organism is essential for their isolation from natural 
samples. Enrichment can be performed on various media containing varying and 
gradually increasing NaCl concentrations. Organisms isolated from sea water, salt 
and mud samples were able to tolerate salt concentration up to saturation point in 
the media formulation indicative of their extreme halophilic nature while 
organisms from excreta of wild ass were growing in presence of NaCl 
concentrations up to 15%. No growth was observed at salt concentrations below 
5% indicative of halophilic nature of organisms. Presence of moderate halophiles 
in excreta of wild ass is an indication of presence of same organisms in their 
intestine. This is very unusual and suggests that the normal intestinal flora of these 
animals have been replaced by halophiles. It was also observed that all 24 
moderately halophilic isolates were able to tolerate bile salt which is a true 
indicative of their intestinal origin. The presence of such halophiles in the 
intestine of these animals as their normal flora could be due to presence of 
significant amount of salt in local grass and as wild ass is herbivore, its intestinal 
microbes may have adapted, got eliminated and/or replaced and have formed 
present moderate halophilic community. 
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 Colony characterization of extreme as well as moderate halophiles indicates that   
they are highly diversified. Different isolates were able to form colonies of 
different size, shape, color, texture, margin, elevation etc. Morphological studies 
by staining indicate that all the organisms were Gram positive or Gram variable, 
medium or long rods. All the moderate halophiles isolated from excreta of wild 
ass were Gram positive long rods. Many literature survey shows that majority of 
moderate halophiles studied in detail till date belongs to Gram negative group and 
information regarding Gram positive moderate halophiles is rare (Ventosa et al., 
1998). Present studies are focused on the characterization of Gram positive 
moderate halophiles. Extreme halophiles were also able to produce reddish color 
pigments indicative of their true extreme haloarcheal origin. Haloarchaea are able 
to produce red color pigments carotenoids (C 50) known as bacterioruberins (Grant 
and Larsen, 1989). 
 
 Bergey’s Manual of Systemic Bacteriology is useful manual for biochemical 
identification of Bacteria. On the basis of biochemical tests performed, it was 
observed that few isolates were able to give Methyl Red test and Voges-Proskaur 
test positive, suggesting their ability to produce acid from glucose and also of their 
chemotropic nature. Majority of isolates were positive for catalase test which 
indicate aerobic nature of these organisms. Mancinelli and Hochstein in 1986 
described that mainly Haloarcula and Haloferax genera of halophiles are able to 
reduce nitrate to nitrite. Majority of our isolates were able to give nitrate to nitrite 
test positive and hence indicates similarities with above two listed genera. 
Halophilic isolates were also diversified in terms of sugar utilization like glucose, 
sucrose, fructose, maltose, xylose etc. Growth at 50˚C in case of moderate 
halophiles was found positive suggesting their ability to withstand higher 
temperature during extreme summer in such geographic zones. Ability to utilize 
glucose by both moderate and extreme halophiles and their ability to produce 
catalase suggest their evolutionary relationship. Extreme halophiles were found to 
be susceptible to bile indicating their non- intestinal origin. In ability to grow on 
MacConkey’s and EMB agar suggest their Gram’s positive nature. 
 Halophiles are valuable for enzyme production commercially. Data indicates that 
many halophiles are able to produce industrially important enzymes like lipase, 
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amylase, protease, cellulase and Chitinase on media containing specific substrate 
and can be screened on the basis of development of zone of substrate utilization. 
All the isolates were screened for production of extracellular enzymes amylase, 
lipase, protease, cellulase and Chitinase. Some of the moderate halophiles were 
able to produce amylase, lipase as well as protease while very few could produce 
Chitinase and cellulase. Interestingly, the moderate halophilic isolates Mk-9 
which could produce significant quantity of cellulase and Chitinase could not 
produce protease or lipase but was amylase positive. This indicates that this 
isolate preferred carbohydrate compared to proteins and lipids and hence is a 
novel organism. 
 Lipase production was detected on media containing tributyrene and olive oil as a 
substrate. Werasit and Anan, 2007 have screened lipase producing organisms in 
the medium containing 2% Tween-80 and 1-4 M NaCl. Positive organisms were 
detected on the basis of zone of substrate utilization surrounding colony. Primary 
screening of lipase producing organisms can be performed on medium containing 
0.01% CaCl2 and Tween 80 (Gonzalez et al., 1978). Even lipase producer can be 
screened on basal MH medium supplemented with 2.5% olive oil (w/v) and 
0,001% rhodamine B Positive organisms can be  identified by the presence of an 
orange-red halo under UV light (Bhatnagar et al., 2005). Amylase producing 
organisms was screened on medium containing starch and positive organisms 
were detected on the basis of clear zone surrounding colony after adding iodine 
solution. Gonzales et al., 1978 have screened amylase producing organisms on 
medium containing 2 gm/lit starch and positive strains were screened on the basis 
of clear zone surrounding colony after adding I2-KI solution (0,1% I2  – 0,2% KI). 
Third most important enzyme, protease was screened on medium containing 
casein or gelatin as proteinic source. However, Ventosa, 1982 have screened 
proteolytic halophiles on saline medium containing 50% Milk. Cellulase 
producing organisms were screened on Dubo’s medium containing 
Carboxymethyl cellulose and Chitinase producing organisms were screened on 
chitin agar medium. 
 
 In case of extreme halophiles lipase production was found positive in all the 
isolates but protease and amylase was produced only by few isolates. Isolate Ku-8, 
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Ku-12, Ku-14, Ku-16, Ku-20 and Ku-27 were able to make amylase, protease and 
lipase in almost in same amount which indicate its diversified metabolic diversity 
as compare to other isolates. 
 Isolates were variable in terms of growth at different temperature and pH. Most of 
the isolated organisms were unable to utilize urea and tryptophan. The data 
indicates absence of enzymes urease and tryptophanase. Similar types of results 
were also obtained by various investigators (Muntyan et al., 2002; Romano et al., 
2005).  
 Enzyme production by moderate halophiles on solid media was found to be 
affected by pH, NaCl concentration and temperature. These organisms have been 
found to produce amylase in the pH range of 5-7 with some isolates having even 
pH 4 as a significant (isolate Mk-9, Mk-15), 10-11% NaCl concentration and at 
30˚C temperature. 
 Amylases catalyse the cleavage of the a-1, 4 linkage of starch, yielding short 
linear maltodextrins, have many commercial applications, particularly in the food 
and detergent industries. The use of amylases from halophilic bacteria in industrial 
processes would have the advantage of the enzymes having optimal activities at 
high salt concentrations (Kamekura, 1986; Ventosa and Nieto, 1995). Amylase 
production and media optimization in liquid media was performed for most 
efficient amylase producer moderate halophiles i.e. Mk-21. Growth kinetics with 
reference to amylase production from Mk-21 shows that maximum amylase 
production was after 72 hours (0.7 U/ml) and then gradually declines. Amylase 
production starts at the initiation of stationary phase and became maximum at mid 
stationary phase. Comparative higher amylase producer Halobacillus sp. strain 
MA-2 was able to produce 3.2 U/ml amylase (Amoozegar et al., 2003). Amylase 
production affected by pH, Mk-21 was able to produce highest lipase at slightly 
acidic pH (5, 6) and mesophilic temperature. The data are compatible with 
amylase from H. meridiana (Coronado et al., 2000), while not compatible with 
Bacillus sp. Strain TSCVKK (Kiran et al., 2001). The organism was able to 
produce maximum amylase at 1.2% starch (w/v), compatible with amylase from 
Micrococcus halibius sp. ATCC 21727 (Shapiro and Lionel, 1971). The study of 
effect of nitrogen source on amylase production from Mk-21 was carried out 
showing peptone to be the most preferred or efficient nitrogen source. 
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 The data indicates that area near sea shore may be contaminated by oily waste. 
Then media and environmental parameters were optimized for maximum lipase 
secretion on solid media. Optimum pH was found to be 4-6, NaCl concentration 
10-11%, w/v, and temperature in the range of 30-40˚C for moderate halophiles. 
Effect of tributyrene concentration was positive from 1-4% v/v but was inhibitory 
from 5% onwards suggesting that tributyrene may exert suppression of its own 
utilization.  Study of effect of pH on lipase production by extreme halophiles on 
solid media shows a wide range of pH from 4-10. This indicates a broad range of 
pH stability of this enzyme in extreme halophiles. This is also in accordance with 
varied pollutants and wastes entering into sea water or nearby area and causing 
drastic shift in pH. This may also indicates adaptive nature of the organism with 
reference to lipase production and these characteristics can be exploited 
industrially for the production of lipase capable of activity in wide pH range. 
These organisms could grow at 10-35% NaCl concentration, were able to produce 
considerable amount of lipase at this NaCl concentration but maximum lipase was 
found to be produced from 10-15% NaCl concentration range. These aspects can 
also be used industrially for the production of salt tolerant lipase. The temperature 
at which these organisms produces maximum lipase was 30-40˚C while some 
could grow at 60˚C also indicating stability of this enzyme at 60˚C temperature. 
 On the basis of zone index, 3 organisms from moderate halophiles viz. Mk-4, Mk-
18, Mk-23 and 3 organisms from extreme halophiles viz. Ku-10, Ku-19, Ku-20 
were selected for further studies on liquid media. 
 When selected halophiles were grown in liquid media, all the organism were 
found to produce maximum lipase in early, mid or late stationary phase. Above 
results indicate the role of lipase in ecological adaptation of halophiles in nature 
when primary nutrient get exhausted. Highest extracellular lipase activity from 
Mk-4, Mk-18 and Mk-23 were 20.9 U/ml, 21.2 U/ml and 22.4 U/ml respectively 
after 264 hours. Above discussion indicates that Mk-23 is the most efficient lipase 
producer in liquid media. In case of extreme halophiles maximum lipase 
production in terms of U/ml was 12.1 U/ml, 13.5 U/ml and 12.3 U/ml from Ku-
10, Ku-19 and Ku-20 respectively after 264 or 288 hour. This indicates that 
extreme halophile requires longer time for lipase production as compare to 
moderate halophiles. This could be due to high salt concentration interfering in 
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enzyme synthesis, activity or enzyme integrity. Isolate Ku-20 was found to 
produce maximum lipase in shortest time (192 hours) amongst all extreme 
halophiles but the activity decreased drastically at 264 hours. Similar types of 
results were obtained by Werasit and Anan, 2007 from halophilic Staphylococcus 
warneri PB233 at a stationary phase. The maximum production of lipase was 
90.12 U/ml at 48 hr. 
 Media optimization at industrial scale is necessary in order to obtain maximum 
yield. Media optimization was performed by classical method in which one 
independent variable was changed and remaining all other variables were constant 
at a time. Optimization of pH for halophilic lipase production states that moderate 
halophiles able to produce maximum lipase at acidic to slightly alkaline (6-8) pH. 
Extreme halophile prefers neutral to alkaline (7-9) pH. This indicates that lipase 
from moderate halophiles isolated from excreta of wild ass is exposed to wide pH 
variation in animal intestine and hence posses wide pH range for production and 
activity of lipase. Extreme halophiles on the other hand have slightly alkaline pH 
in their habitat (pH-8) and hence prefer such pH for lipase activity. Similar types 
of results were obtained in case of marine salinivibrio SA2 (Amoozegar et al., 
2008) and pseudomonas (Yapasan, 2008) but slightly lower than Marinobacter 
hydrocarbonoclasticus AK5 (Anilkumar et al., 2010). In case of moderate 
halophile Mk-23 lipase activity was found to be maximum when the cell growth 
was at its minimum (pH-6-7) again suggesting that utilization of lipids is not the 
primary mode of metabolism of these organisms. 
 Lipase production in liquid media was also found affected by NaCl concentration. 
Maximum lipase production in case of moderate halophiles was found at 10-11% 
NaCl concentration while for extreme halophiles it was 10-15%. This suggests 
that lipase produced by moderate as well as extreme halophiles have different 
stability at different NaCl concentrations and this property can also be exploited at 
industrial level. 
 Most of moderate halophiles and extreme halophiles prefer to produce maximum 
lipase at 30˚C-40˚C. The data indicates that both moderate and extreme halophiles 
able to produce maximum lipase in mesophilic temperature range. Similar types of 
results were also obtained from other halophiles isolated from subterranean rock 
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salt crystal (Roxana et al., 2009), pseudomonas (Yapasan, 2008) and 
Marinobacter hydrocarbonoclasticus AK5 (Anilkumar et al., 2010). 
 The optimum Tributyrene concentration for lipase production was found to be 4-
6% v/v and 1-6% v/v for extreme halophiles. This can be due to variation in the 
availability of lipoidic materials in sea water or salt samples from where extreme 
halophiles have been isolated. Further addition of tributyrene decreased the 
biomass production drastically suggesting catabolic repression or end product 
repression of the metabolic pathway that utilizes tributyrene. 
 Purification of halophilic lipase is important at larger scale and for commercial 
applications. Purification of enzymes can be performed by various strategies like 
Salt precipitation, gel filtration chromatography, ion exchange chromatography, 
hydrophobic interaction chromatography, reversed phase HPLC, affinity 
chromatography, organic solvent extraction etc. (Ali et al., 2010). Purification 
techniques should be able to give high purity, easier to be operated at larger scale 
and should be reproducible. Among all above techniques, salt precipitation by 
ammonium sulfate fractionation is easier and inexpensive technique. This 
technique is having the advantage that most of the precipitated enzymes are not 
permanently denatured can be redissolved with restoration of activity. The basis of 
fractionation in this method is that, as the salt concentration of the extract is 
increased, proteins with larger or more abundant hydrophobic patches will 
precipitate before those with smaller or fewer patches and protein would 
precipitate. All the halophilic isolates were able to produce extracellular lipase 
which was fractioned by adding ammonium sulfate and enzyme activities as well 
as protein content were determined. Lipase from Mk-4 was purified 1.36 fold 
purification in 60%-80% ammonium sulphate fraction with 26.41 U/mg specific 
activity and 33.3% yield. Above data is much lower than lipase from F. 
oxysporium, lipase from this organism is found to give 18.1 U/mg specific 
activity, 4.3 fold purification and 84.7% yield in 60%-90% fraction (Hala 
Mohamed et al., 2010). Lipase from Mk-18 was obtained in 60%-80% fraction 
with 3.44 fold purification, 40 units/mg specific activity and 70% yield. Lipase 
from Thermosyntropha lipolytica shows higher purification fold as compare to 
Mk-18 but lower specific activity and % yield (Mohemad et al., 2007). Lipase 
from Mk-23 shows intermediate purification fold and yield to that of Mk-4 and 
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Mk-18 and shows purification fold 1.98 in 60%-80% ammonium sulphate fraction 
with 42.72 U/mg specific activity and 42.2% yield.  
 Lipase from Ku-10 shows slight higher purified enzyme as compare with Mk-23 
while lower to Mk-18 in 60%-80% fraction with 2.91 purification fold, 29.1 U/mg 
specific activity and 55% yield. Above data are non compatible with lipase from 
pseudomonas (Kanwar et al., 2002) Lipase from Ku-19 shows highest purification 
among all isolates and purified fraction of lipase having 5 fold purification, 57.76 
units/mg specific activity and 54.15% yield. Ku-20 shows lower lipase yield as 
compare to Ku-19 but still higher yield. Purified lipase fraction from Ku-19 shows 
4 fold purification, 41 units/mg specific activity and 50.2% yield.  
 It is also important in enzymology to characterize enzyme for knowing its 
important properties to cope with industrial applications. pH is important factor 
that affects lipase activity and stability. pH optima for crude and partially purified 
enzymes were checked by incubating enzyme-substrate mixture at different pH 
followed by measurement of enzyme activity. Lipases from moderate halophiles 
were found to most active in acidic pH and activity gradually declines as pH shifts 
towards alkaline side. It might be due to the fact that changes in the external pH 
optima may also alter the ionization of the nutrient molecules and thus, reduced 
their availability to the organism. This data again indicates intestinal origin of 
moderate halophiles. The results are comparable with lipase from Aspergillus sp.  
Active in the acidic range of pH (Cihangir and Sarikaya, 2004) while above data 
are not comparable with lipase from Geotrichum marinum (Huang et al., 2004) 
and Rhizopus oryzae (Salah et al., 2006) whose lipase active maximally in 
alkaline pH. Lipases from extreme halophiles were most active in alkaline pH and 
activity diminished in acidic side. These results are compatible with extracellular 
lipase from Staphylococcus warneri (Werasit and Anan, 2007), R.oligosporus var. 
microspores (Tehreema et al., 2011) and Marine Vibrio fischeri (Ranjitha et al., 
2009) while slightly lower than p. aeruginosa whose extracellular lipase have 
maximum activity at pH 9 (Hesham et al., 2005). 
 Temperature generally affects enzyme activity and stability. Higher temperature 
causes denaturation of protein while lower temperature has static effect and hence 
used for preservation. Crude and partially purified lipase from Mk-4 shows 
maximum activity at 40˚C and became unstable at 70˚C while shows less 
149 
 
temperature stability at 60˚C and 70˚C after 60 min. and became inactivated after 
120 min. temperature optima and temperature stability data are comparable with 
lipase from halotolerant Staphylococcus warneri (Werasit and Anan, 2007). Crude 
and partially purified lipase from Mk-18 shows similar temperature optima and 
temperature stability with lipase from Mk-4, but less stability at 70˚C. Mk-23 
lipase shows even less heat tolerance as compare to Mk-4 and Mk-18, highest 
activity at 40˚C while became inactive at 60˚C and 70˚C after 60 mins. 
Temperature optima and temperature stability data of lipase from moderate 
halophiles are similar to temperature tolerance of lipase from mutant R. 
oligosporus (Tehreema et al., 2011), Penicillium sp., (Maliszewska and Mastelerz, 
1992) and R. oryzae (Hiol, 2000). 
 Lipase from Ku-10 shows highest temperature tolerance among all isolates and 
shows highest activity at 70˚C and more than control data after incubation at 60˚C 
and 70˚C even after 60 and 120 min. of incubation. Such type of thermostable 
lipase was obtained from Salinivibrio sp. strain SA-2, which  
 retains 90% of its activity at 80 °C for 30 min (Amoozegar et al., 2008). 
Extracellular lipase from Ku-19 and Ku-20 shows highest activity at 40˚C and 
gradually declines as temperature increases. In terms of temperature stability, Ku-
19 shows higher temperature stability as compare to Ku-20. Slightly higher 
thermostable lipase as compare to Ku-19 and Ku-20 was obtained from extremely 
halophilic archaeon, Natronococcus sp. strain TC6 (Boutaiba et al., 2006).  Lipase 
from Natronococcus sp was active maximally at 50˚C and retains more than 90% 
of original activity when incubated for 60 min at 50°C (Boutaiba et al., 2006). 
 Inorganic salts are found to have direct effect on activity and stability of lipase. It 
may work as an inducer or inhibitor. Amongst all the inorganic salts tested, NaCl 
was found to have generally inducible action while other salts except NaF, EDTA, 
SDS led to decrease activity by 50% or more. Lipase inactivated in the presence 
of NaF, EDTA, SDS showed very less activity. The results are highly compatible 
with lipase from Marine Vibrio fischeri (Ranjitha et al., 2009). 
 Mutagenesis is an important process for the improvement of organisms at 
industrial scale. Mutagenesis can be performed by physical and chemical agents. 
UV radiation is most widely used physical mutagen for strain improvement. 
Random mutagenesis UV showed that there was increase in lipase yield from Mk-
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23 by about 3.4 U/ml. Increase in lipase yield by mutagenesis is much lower than 
what is shown in Rhizopus oligosporus IIB-63 in which mutantagenesis can able 
to increase lipase yield up to 32.42 U/ml as compare to wild type organism 
(Tehreema et al., 2011). 
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The present work is focused on screening, isolation, biodiversity studies, study of 
growth kinetics, enzymatic potential studies, media optimization, partial purification, 
characterization and mutagenesis of halophilic microorganisms from Little Rann of 
Kutch with special emphasis on Lipase production. Following section indicates brief 
summary of results. 
 
1. Total 30 isolates were obtained from saline water, mud and soil samples 
collected from little Rann of Kutch, near Surajbari Bridge and 24 isolates were 
obtained from excreta of wild ass, collected from ―Indian wild ass sancturay‖, 
Dhrangadhra and Surendranagar.  
2. All the isolates were studied in terms of colony, morphological and 
biochemical characterization. The organisms were diversified in terms of 
colony morphology and biochemical properties. Big sized colonies were 
round, irregular, flat, raised, slightly raised; sticky, white, pinkish etc. medium 
and small sized colonies have been also displaying variable colony 
characteristics. Isolates were Gram positive or Gram’s variable.  
3. Enzymatic profiling of all 54 isolates for enzymes like lipase, amylase, 
protease, cellulase and Chitinase was carried out. Among moderate halophiles, 
9 isolates were producing lipase, 7 were producing amylase, 13 were 
producing protease, only 1 isolate produced cellulase and 2 chitinase. From 
extreme halophiles, 30 isolates produced lipase, 9 produced amylase, 10 
produced protease while none of isolates among 30 produced cellulase or 
chitinase. 
 
4. Potent amylase producer, Mk-21 produced maximum amylase after 72 hours 
of incubation in liquid media. Organism produced 0.7 U/ml amylase from 
crude sample. Media optimization data indicates that the organism produced 
maximum amylase at pH 6, temperature 30˚C, peptone as a nitrogen source 
and 1.2% starch. Km of enzyme was 1 mg/ml and Vmax 1.10 μm/min on the 
basis of substrate curve. 
 
5. Efficient lipase producers, Mk-4, Mk-18, Mk-23, Ku-10, Ku-19 and Ku-20 
were able to produce maximum lipase after 244 hours, i.e. during stationary 
phase. Mk-4, Mk-18 and Mk-23 produced maximum lipase at pH 5 to 6, 
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temperature 30-40˚C, NaCl 11%-13% (w/v) and 4-5% tributyrene, while Ku-
10, Ku-19 and Ku-20 produced maximum lipase at pH 7-8, Temperature 30-
40˚C, 10%-15% NaCl (w/v) and 4-5% Tributyrene (v/v). 
 
6. Crude lipase was subjected to partial purification by Ammonium sulphate 
fractionation. Lipase from Mk-4 showed 1.33 fold purification and 33.3% 
yield, lipase from Mk-18 showed 3.44 fold purification and 70% yield, lipase 
from Mk-23 showed 1.98 fold purification and 42.2% yield. Lipase from 
extreme halophiles Ku-10 showed 2.91 fold purification and 55% yield, lipase 
from Ku-19 showed 5 fold purification and 54.15% yield and 4 fold 
purification and 50.2% yield was obtained from Ku-20. 
 
7. Crude and partially purified lipase from Mk-4 and Mk-18 showed maximum 
activity at pH 5 and from Mk-23 at pH 5 and 6. Lipase from Ku-10 showed 
maximum activity at pH 6, Ku-19 at pH 7 and Ku-20 at pH 8. 
 
8. Temperature optima data shows that Lipase from Mk-4, Mk-23, Ku-19 and 
Ku-20 were active maximally at 40˚ C temperature, lipase from Mk-18 was 
maximally active at 30˚C to 40˚C while lipase from Ku-10 was showing 
highest activity at 70˚C.  
 
9. Temperature stability and urea denaturation point of view, lipase from Ku-10 
was stable as compare to lipase from all other isolates.  
 
10. Various salts except NaCl decreased enzyme activity and certain salts like 
NaF, EDTA and SDS showed direct adverse effect and reduced enzyme 
activity drastically. 
 
11.  Increase in lipase production up to 3.4 U/ml was achieved from Mk-23 after 
UV mutagenesis. UV mutagenesis was performed at 280 nm wavelengths, 90 
second of exposure and by placing culture at the distance of 90cm from UV 
source.  
 
154 
 
 
 
 
CHAPTER-7 
References 
 
 
 
 
 
 
 
 
 
 
155 
 
 
 
 Aires-Barros, M. R., Taipa M. A., Cabral, J. M. S., 1994. Isolation and 
purification of lipases. In: Lipases-their structure, Biochemistry and 
application, Wooley, P. and S.B. Petersen (Eds.) Cambridge University press, 
Cambridge, pp, 243-270.  
 Alberghina, L., Schmid, R. D., Verger, R., 1991. Lipases: structure, 
mechanism and genetic engineering. Weinheim: VCH. 
 Ali, S., Ren, S. X., Huang Z., Wu J. H., 2010. Purification of enzymes 
related to host penetration and pathogenesis from entomopathogenic fungi. 
Current research, technology and education topics in applied microbiology and 
microbial biotechnology A mendet-Vilas (Ed).  
 Amoozegar, M. A.,  Malekzadeh, F., Khursheed, A. M., 2003. Production 
of amylase by newly isolated moderate halophile, Halobacillus sp. strain MA-
2.  J. Microbiol. Methods. 52, 353-359. 
 Amoozegar, M. A., Fatemi, Z. A., Karbalaei-Heidari, H. R., Razavi, M. R. 
2007. Production of an extracellular alkaline metalloprotease from a newly 
isolated, moderately halophile, Salinivibrio sp. strain AF-2004. Microbiol. 
Res. 162, 369-377. 
 Amoozegar, M. A., Salehghamari, E., Khajeh, K., Kabiri, M., Naddaf, S., 
2008. Production of an extracellular thermohalophilic lipase from a 
moderately halophilic bacterium, Salinivibrio sp. strain SA-2, J. Basic 
Microbiol. 48, 160–167. 
 Anilkumar, S., Arunasri, R., Jayachandra, Y., Sulochana, M. B., 2010. 
Screening of extracellular hydrolytic enzymes from Marinobacter 
hydrocarbonoclasticus strain AK5. Inter. J. life sci. 5, 97 – 99. 
 Arbige, M. V., Pitcher, W. H., 1989. Industrial enzymology: a look towards 
the future. Trends Biotechnol. 7: 330–335.  
156 
 
 Aygan, A., Arikan, B., 2008. A new halo-alkaliphilic, thermostable 
endoglucanase from moderately halophilic Bacillus sp. C14 isolated from Van 
soda lake. Int. J. Agric. Biol.10, 369-374. 
 Aygan, A., Arikan, B., Korkmaz, H., Dinçer, S., Çolak, O., 2008. Highly 
thermostable and alkaline α-amylase from a halotolerant alkaliphilic Bacillus 
sp. AB68. Braz. J. Microbiol. 39, 547-553. 
 Azim, A., Sharma, S. K., Olsen, C. E., Parmar, V. S., 2001. Lipase 
catalysed synthesis of optically enriched a-haloamides. Bioorg. Med. Chem. 
9:1345–1348. 
 
 Badiaa, E., Mustapha, R., Abdellatif B., Haissam, J., Najla S., 2009. 
Production and partial characterization of chitinase from a halotolerant 
Planococcus rifitoensis strain M2-26. World J. Microbiol. Biotechnol. 26, 
977-984. 
 Bailey, J. E., Ollis, D. F., 1986. Applied enzyme catalysis. In: Biochemical 
Engineering fundamentals. New York, NY: McGraw-Hill. 2nd ed., pp. 157–
227. 
 Barns, S. M., Delwiche, C. F., Jeffrey, J. D., Pace, N. R., 1996. Perspectives 
on archaeal diversity, thermophily and monophyly from environmental rRNA 
sequences, Proc. Natl. Acad. Sci. USA. 93: 9188–9193. 
 Belarbi, E. H., Molina, E., Chisti, Y. A., 2000. Process for high yield and 
scaleable recovery of high purity eicosapentaenoic acid esters from microalgae 
and fish oil. Enzyme Microb. Technol.  26: 516–529. 
 Ben-Amotz, A., Avron, M., 1973. The role of glycerol in the osmotic 
regulation of the halophilic alga Dunaliella parva. Plant Physiol. 51: 875-878. 
 Berglund, P., Hutt, K., 2000. Biocatalytic synthesis of enantiopure 
compounds using lipases. In: Patel RN, editor.Stereoselective biocatalysis. 
New York: Marcel Dekker. 
 Berrobi, C., Manoussos, G., Oreal, S. A., 1970. Cosmetic, Pharmaceutical 
preparations containing lipase, hyalyuronidase and/or Thiomucase enzymes, 
West Germany Patent 1,947,896. 
157 
 
 Bhatnagar, T., Boutaiba, S., Hacene, H., Cayol, J., Fardeau, M., Ollivier, 
B., Baratti, J., 2005. Lipolytic activity from Halobacteria: Screening and 
hydrolase production. FEMS Microbiol. Lett. 248, 133-140. 
 Blochl, E., Rachel, R., Burggraf, S., Hafenbradl, D., Jannasch, H. W., 
Stetter, K. O., 1997. "Pyrolobus fumarii, gen. and sp. nov., represents a novel 
group of archaea, extending the upper temperature limit for life to 113 °C". 
Extremophiles 1: 14–21. 
 Boone, D. R., Baker, C. C., 2001. Genus VI Methanosalsum gen. nov. In 
Bergey’s Manual of Systematic Bacteriology, New York: Springer. 2nd edn, 1: 
287-289.  
 Bora, L., Kalita, M. C., 2007. Production and Optimization of Thermostable 
lipase from a Thermophilic Bacillus sp LBN 4. Internet J Microbiol. 4: 22-28. 
 Bornscheuer, U. T., 2000. Enzymes in lipid modification. Weinheim: Wiley-
VCH. 
 Borowitzka, M.A., 1986. Micro-algae as sources of fine chemicals. 
Microbiol. Sci. 3, 372-375. 
 Bouchotroch, S., Quesada, E., Del Moral, A., Llamas, I., Béjar, V., 2001. 
Halomonas maura sp. nov., a novel moderately halophilic, exopolysaccharide-
producing bacterium. Int. J. Syst. Evol. Microbiol. 51, 1625-1632. 
 Boutaiba, S., Bhatnagar, T., Hacene, H., Mitchell D. A., Baratti J. C., 
2006. Preliminary characterisation of a lipolytic activity from an extremely 
halophilic archaeon, Natronococcus sp. J. Mole. Catalysis. 41, 21-26.  
 Bradoo, S., Saxena, R. K., Gupta, R., 1999. Two acidothermotolerant lipase 
from new variants of Bacillus spp. World J. Microbiol. Biotechnol. 15, 97-
102. 
 Brocca, S., Schmidt-Dannert, C., Lotti, M., Alberghina, L., Schmid, R. D., 
1998. Design, total synthesis and functional over expression of the Candida 
rugosa lip 1 gene coding for a major industrial lipase. Protein Sci. 7, 1415–
1422. 
 Brown, J. R., Doolittle, W. F., 1997. Archaea and the prokaryote-to-
eukaryote transition. Microbiol. Rev. 61: 456-502. 
 Bullock, C., 2000. The Archaea- a biochemical perspective. Biochem. Mol. 
Biol. Edu. 28: 186-191. 
158 
 
 Burkert, T. F., Maugeri, F., Rodrigues, M. I., 2004. Optimization of 
extracellular lipase production by Geotrichum sp. Using factorial design. 
Biores. Technol. 910: 77-84. 
 Bursy, J., Kuhlmann, A. U., Pittelkow, M., Hartmann, H., Jebbar, M., 
Pierik, A. J., Bremer, E., 2008. Synthesis and uptake of the compatible 
solute ectoine and 5-hydroxyectoine by Streptomyces coelicolor A3(2) in 
response to salt and heat stresses. Appl. Environ. Microbiol. 74: 7286-7296. 
 
 Canovas, D., Vargas, C., Laszlo, N. C., 1998. Synthesis of glycine betaine 
from exogenous choline in the moderately halophilic bacterium Halomonas 
elongata. Appl. Environ. Microbiol. 64: 4095-4097. 
 Cardenas, J., Alvarez, E., De Castro-Alvarez, M. S., Sanchez-Montero, J. 
M., Valmaseda, M., Elson, S. W., Sinisterra, J. V., 2001. Screening and 
catalytic activity in organic synthesis of novel fungal and yeast lipases. J. Mol. 
Catal. Enzym. 14, 111–123. 
 Castro-Ochoa, L. D., Rodriguez-Gomez, C., Valerio-Alfaro, G., Ros, R. 
O., 2005. Screening, Purification and characterization of the 
thermoalkalophilic lipase produced by Bacillus thermoleovorans CCR11. 
Enzyme Microb. Technol. 37, 648-654.  
 Cavalier-Smith, T., 2002. "The neomuran origin of archaebacteria, the negi 
bacterial root of the universal tree and bacterial megaclassification". Int. J. 
Syst. Evol. Microbiol. 52: 7–76.  
 Chakraborty, S., Khopade, A., Kokare, C., Mahadik, K., Chopade, B., 
2009. Isolation and characterization of novel α-amylase from marine 
Streptomyces sp. D1. J. Mol. Catalysis B. Enzymatic. 58, 17-23. 
 Chander, H., Batish, V. K., Ghodekar, D. R., Srinivasan R., 1981. A novel 
enzyme from fungus A. wentii. J. Dairy Sci. 64, 193–196.  
 Chartrain, M., Katz, L., Marcin, C., Thien, M., Smith, S., Fisher, F., 
Goklen, K., Salmon, P., Brix, T., Price, K., Greasham, R., 1993.  
Purification and characterization of a novel bioconverting lipase from 
Pseudomonas aeruginosa MB 5001. Enzyme Microb. Technol. 15, 575–580. 
159 
 
 Chisti Y., 1999. Solid substrate fermentations, enzyme production, food 
enrichment. In: Flickinger MC, Drew SW, editors. Encyclopedia of 
bioprocess technology: fermentation, biocatalysis, and bioseparation, vol. 5. 
New York: Wiley, 1999. pp. 2446–62. 
 Cho, A. R., Yoo, S. K., Kim, E. J., 2000. Cloning, sequencing and expression 
in Escherichia coli of a thermophilic lipase from Bacillus thermoleovorans 
ID-1. FEMS Microbiol. Lett. 186, 235–238. 
 Chowdary, G. V., Ramesh, M. N., Prapulla, S. G., 2001. Enzymatic 
synthesis of isoamyl isovalerate using immobilized lipase from Rhizomucor 
miehei: multivariate analysis. Process Biochem. 36: 331–339. 
 Cihangir, N., Sarikaya, E., 2004. Investigation of lipase production by a new 
isolate of Aspergillus sp. World J. Microbial. Biotechnol. 20, 193-197. 
 Coronado, M. J., Vargas, C., Hofemeister, J., Ventosa, A., Nieto, J. J., 
2000. Production and biochemical characterization of an α-amylase from the 
moderate halophile Halomonas meridiana. FEMS. Microbiol. Lett. 183, 67-71. 
 Cubonova, L., Sandman, K., Hallam, S. J., Delong, E. F., Reeve, J. N., 
2005. "Histones in crenarchaea". J. Bacteriol. 187: 5482–5485. D.J., Ed.), pp. 
317-368, Academic Press, London. 
 
 Dalevi, D., Hugenholtz, P., Blackall, L. L., 2001. "A multiple-outgroup 
approach to resolving division- level phylogenetic relationships using 16S 
rDNA data". Int. J. Syst. Evol. Microbiol. 51: 385–391.  
 Davis, J. S., 1974. Importance of microorganisms in solar salt production. 
Proceedings of the 4th symposium on salt, vol. 1. Northern Ohio Geological 
Society, Cleveland. pp. 369-372 
 Dharmasthiti, S., Kahasuntisuk, B., 1988. Lipase from P.aeruginosa 
LP602: Biochemical properties and application for waste water treatment.  J. 
Ind. Microbiol. Biotechnol. 21, 75-80. 
 Ducret, A., Trani, M., Lortie, R., 1998. Lipase catalysed enantioselective 
esterification of ibuprofen in organic solvent under controlled water activity. 
Enzyme Microb. Technol. 22: 212–216. 
160 
 
 
 Edwards, C., 1990. Microbiology of Extreme Environments. Milton Keynes: 
Open University Press. 
 Elibol, M., Ozer, D., 2001. Influence of oxygen transfer on lipase production 
by Rhizopus arrhizus. Process Biochem. 36, 325–9. 
 El-Shafei, H. A., Rezkallah, L. A., 1997. Production, purification and 
characterization of Bacillus lipase. Microbiol. Res. 52, 199–208. 
 Englert, C., Wanner, G., Pfeifer, F., 1992. Functional analysis of the gas 
vesicle gene cluster of the halophilic archaeon Haloferax mediterranei defines 
the vac-region boundary and suggests a regulatory role for the gvpD gene or 
its product. Mol. Microbiol. 6, 3543-3550. 
 
 Fernandez-Castillo, R., Rodriguez-Valera, F., Gonzalez-Ramos, J., Ruiz-
Berraquero, F., 1986. Accumulation of poly hydroxyl butyrate by 
halobacteria. Appl. Environ. Microbiol. 51, 214-216. 
 Flannery, W. L., Doetsch, R. N., Hansen, P. A., 1952. Salt desideratum of 
Vibrio costicolus, an obligate halophilic bacterium. Ionic replacement of 
sodium chloride requirement. J. Bacteriol. 64, 713-717.  
 Franzmann, P. D., Stackebrandt, E., Sanderson, K., Volkmann, J. K., 
Cameron, D. E., Stevenson, P. L., McMeekin, T. A., Burton, H. R., 1988.  
Halobacterium lacusprofundi sp. nov., a halophilic bacterium isolated from 
Deep Lake, Antarctica. Syst. Appl. Microbiol. 11, 20-27. 
 Fullbrook, P. D., 1996. Practical applied kinetics. In: Godfrey T, West S, 
editors. Industrial enzymology. 2nd ed. New York: Stockton Press.  pp, 483–
540. 
 
 
161 
 
 
 Galinski, E. A., Louis, P., 1999. Compatible solutes: ectoine production and 
gene expression, Microbiology and biogeochemistry of hypersaline 
environments. CRC Press, Boca Raton. pp. 187-202.  
 Galinski, E. A., Tindall, B. J., 1992. Biotechnological prospects for 
halophiles and halotolerant microorganisms, Molecular biology and 
biotechnology of extremophiles. Blackie, Glasgow (Chapman and Hall, New 
York). pp. 76-114. 
 Galinski, E. A., Truper, H. G., 1982. Betaine, a compatible solute in the 
extremely halophilic phototrophic bacterium Ectothiorhodospira halochloris. 
FEMS Microbiol. Lett. 13: 357-360. 
 Garabito, M. J., Maquez, M. C., Ventosa A., 1998. Halotolerant Bacillus 
diversity in hypersaline   environments. Can. J. Microbiol. 44: 95-102. 
 Garrity, G. M., Boone, D. R., 2001. Bergey's Manual of Systematic 
Bacteriology Volume 1: The Archaea and the Deeply Branching and 
Phototrophic Bacteria (2nd ed.).  
 Gill, I., Valivety, R., 1997a. Polyunsaturated fatty acids: Part 1. Occurrence, 
biological activities and applications. Trends Biotechnol. 15: 401–409. 
 Gill, I., Valivety, R., 1997b. Polyunsaturated fatty acids: Part 2. 
Biotransformations and biotechnological applications. Trends Biotechnol. 15: 
470–478. 
 Ginzburg, M., Sachs, L., Ginzburg, B. Z., 1970. Ion metabolism in a 
Halobacterium. I. Influence of age of culture on intracellular concentrations. J. 
Gen. Physiol. 55, 187-207. 
 Goldman, Y., Garti, N., Sasson, Y., Ginzburg, B. Z., Bloch, M. R., 1980. 
Conversion of halophilic algae into extractable oils. Fuel. 59, 181–184. 
 Gonzalez, C., Gutierrez, C., Ramirez, C., 1978. Halobacterium vallismortis 
sp. nov. an amylolytic and carbohydrate-metabolizing, extremely halophilic 
bacterium. Can. J. Microbiol. 24, 710-715. 
 Govender, L., Naidoo, L., Setati, M. E., 2009. Isolation of hydrolase 
producing bacteria from Sua pan solar salterns and the production of endo-1,4-
162 
 
β-xylanase from a newly isolated haloalkaliphilic Nesterenkonia sp. Afr. J. 
Biotechnol. 8, 5458-5466. 
 Grant, W. D., Kamekura, M., McGenity, T. J., Ventosa, A., 2001. Class 
III. Halobacteria class. nov., In: Boone DR, Castenholz RW, Garrity GM 
(eds) Bergey’s manual of systematic bacteriology, vol. I, 2nd edn. Springer 
Verlag, New York, pp 294–301 
 Grant, W. D., Larsen, H., 1989. Extremely halophilic archaeobacteria. In: 
Staley, Bryant, Pfennig and Holt (Eds.), Bergey’s Manual of Systematic 
Bacteriology, 1st Ed., Vol 3, The Williams & Wilkins Co., Baltimore,. pp, 
2216-2219. 
 Gribaldo, S., Brochier-Armanet, C., 2006. The origin and evolution of 
Archaea: a   state of the art. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 361: 
1007-1022.  
 Gupta, R. S., 1998. What are archaebacteria: Life's third domain or 
monoderm prokaryotes related to Gram-positive bacteria? A new proposal for 
the classification of prokaryotic organisms. Mol. Microbiol. 29: 695-708. 
 Gupta, R., Gigras, P., Mohapatran, H., Goswami, K. V., Chauhan, B., 
2003. Microbial α-amylase: a biotechnological perspective. Process Biochem.  
38, 1599-1616. 
 Gupta, R., Gupta, N., P. Rathi., 2004. Bacterial lipases: an overview of 
production, purification and biochemical properties. Appl. Microbiol. 
Biotechnol. 64, 763–81. 
 Gurtler, V., Mayall, B. C., 2001. "Genomic approaches to typing, taxonomy 
and evolution of bacterial isolates". Int. J. Syst. Evol. Microbiol. 51: 3–16.  
 
 Hala Mohamed, R., Adel Ahmed, E., Hassaan Amin, E., Samah Abdulla, 
D., 2010. Production, optimization and partial purification of lipase from 
fusarium oxysporum. J.Appl. Sci. Environ. Sanitation. 5, 39-53. 
 Hamsaveni, D. R., Prapulla, S. G., Divakar, S., 2001. Response surface 
methodological approach for the synthesis of isobutyl isobutyrate. Process 
Biochem. 36: 1103–1109. 
163 
 
 Harrison, F. C., Kennedy, M. E., 1922. The red discoloration of cured 
codfish. Trans. Roy. Soc. Canad. Set. 16, 101-152. 
 Hemachander, C., Bose, N., Puvanakrishnan, R., 2001. Whole cell 
immobilization of Ralstonia pickettii for lipase production. Process Biochem. 
36, 629–33. 
 Hesham, M. S., Taha, I. Z., Ahmed, I. K., Mohmed, T. K., 2005.  
Purification and characterization of two extracellular lipases from 
Pseudomonas aeruginosa Ps-x. Polish J. Microbiol. 3, 233-240. 
 Hezayen, F. F., Rehm, B. H. A., Eberhardt, R., Steinbuchel, A., (2000). 
Polymer production by two newly isolated extremely halophilic archaea: 
application of a novel corrosion-resistant bioreactor. Appl. Microbiol. 
Biotechnol. 54, 319–325. 
 Hiol, A., Jonzo, M. D., Rugani, N., Druet, D., Sarda L., Comeau, L. C., 
2000. Purification and characterization of an extracellular lipase from a 
thermophilic Rhizopus oryzae strain isolated from palm fruit. Enzyme Microb. 
Technol. 26, 421-430. 
 Hoondal, G. S., Tiwari, R. P., Tewari, R., Dahiya, N., Beg, Q. K., 2002. 
Microbial alkaline pectinases and their industrial applications: a review. Appl. 
Microbiol. Biotecnol. 59, 409-418. 
 Hoq, M. M., Yamane, T., Shimizu, S., Funada, T., Ishida, S., 1985. 
Continuous hydrolysis of fat in porous hydrophobic membrane bioreactor. J. 
Am. Oil Chem. Soc. 62: 1016–1021. 
 Huang, Y., Locy R., Weete, J. D., 2004. Purification and Characterization of 
an Extracellular Lipase from Geotrichum marinum. Lipids. 39, 251-257. 
 Huber, H., Hohn, M. J., Rachel, R., Fuchs, T., Wimmer,  V. C., Stetter, K. 
O., 2002. A new phylum of Archaea represented by a nano sized 
hyperthermophilic symbiont. Nature. 417: 27–28. 
 
 Imhoff, J. F., 1986. Osmoregulation and compatible solutes in eubacteria. 
FEMS Microbiol. Rev. 39: 57-66. 
164 
 
 Iwabe, N., Kuma, K., Hasegawa, M., Osawa, S., Miyata, T., 1989.  
Evolutionary relationship of archaebacteria, eubacteria, and eukaryotes 
inferred from phylogenetic trees of duplicated genes. Proc. Natl. Acad. Sci. 
USA. 86: 9355-9359. 
 
 Jaeger, K. E., Ransac, S., Dijkstra, B. W., Colson, C., van Heuvel, M., 
Misset, O., 1994. Bacterial lipases. FEMS Microbiol. Rev. 15: 29-63. 
 Jaeger, K. E., Reetz, T. M., 1998. Microbial lipases from versatile tools for 
biotechnology. Trends Biotechnol. 16: 396–403. 
 Janssen, P. H., Monk, C. R., Morgan, H. W., 1994 A thermophilic, lipolytic 
Bacillus sp., and continuous assay of its p-nitrophenyl- palmitate esterase 
activity. FEMS Microbiol. Lett. 120, 195–200. 
 Jones, A. G., Ewing, C. M., Melvin, M. V., 1981. Biotechnology of solar 
saltfields. Hydrobiologia.  82, 391-406. 
 Jonsson, U., Snygg, B. G., 1974. Partial purification and characterization of 
lipase form M. caseolyticus. J. Appl. Bacteriol. 37, 571–581. 
 
 Kamekura, M., 1986. Production and function of enzymes of eubacterial 
halophiles. FEMS Microbiol. Rev. 39, 145-150. 
 Kamekura, M., Dyall-Smith, M. L., 1995. Taxonomy of the family 
Halobacteriaceae and the description of two new genera Halorubrobacterium 
and Natrialba. J. Gen. Appl. Microbiol. 41, 333-350. 
 Kamekura, M., Hamakawa, T., Onishi, H., 1982. Application of halophilic 
nuclease H of Micrococcus varians subsp. halophilus to commercial 
production of flavoring agent 5’-GMP. Appl. Environ. Microbiol. 44, 994–
995. 
165 
 
 Kamekura, M., Mizuki, T., Usami, R., Yoshida, Y., Horikoshi, K., 
Vreeland, R. H. 2004. The potential use of signatures bases from 16S rRNA 
gene sequences to aid the assignment of microbial strains to genera of 
halobacteria. In: Ventosa A (ed) Halophilic Microorganisms. Springer Verlag, 
Berlin, Heidelberg, pp 77–87. 
 Kamekura, M., Onishi, H., 1974. Protease formation by a moderately 
halophilic Bacillus strain. Appl. Microbiol. 27, 809-810. 
 Kamekura, M., Onishi, H., 1978.  Properties of the halophilic nuclease of a 
moderate halophile, Micrococcus varians subsp. halophilus. J. Bacteriol. 133, 
59–65. 
 Kamekura, M., Onishi, H., 1983.  Inactivation of nuclease H of the moderate 
halophile Micrococcus varians subsp. halophilus during cultivation in the 
presence of salting- in type salt. Can. J. Microbiol. 29, 46–51. 
 Kamimura, E. S., Medieta, O., Rodrigues, M. I., Maugeri, F., 2001.  
Studies on lipase affinity adsorption using response-surface analysis. 
Biotechnol. Appl. Biochem. 33: 153-159. 
 Kanwar, L., Georoi, B., Goswami, P., 2002. Production of a pseudomonas 
lipase in n-alkane substrate and its isolation using an improved ammonium 
sulfate precipitation technique. Bioresou. Technol. 84, 207-211. 
 Karbalaei-Heidari, H. R., Amoozegar, M. A., Ziaee, A. A., 2009. 
Production, optimization and purification of a novel extracellular protease 
from the moderately halophilic bacterium. Ind. Microbiol. Biotechnol. 36, 21-
27. 
 Karube, I., Sode, K., 1988. Biosensors for lipids. Proceedings of the World 
Conference on Biotechnology in the Fats and Oils industry. Campaign, USA: 
American Oil Chemists’ Society. pp. 215–218. 
 Kashyap, D. R., Vohra, P. K., Chopra, S., Tewari, R., 2001. Applications 
of pectinases in the commercial sector: a review. Bioresour Technol. 77, 215-
227. 
 Kato, K., Nakamura, S., Sakugi, T., Kitai, K., Yone, K., Suzuki, J., 
Ichikawa, Y., 1989. Tumor necrosis factor and its activators for the treatment 
of malignant tumors, Japanese Patent 1,186,820.  
166 
 
 Kazlauskas, R. J., Bornscheuer, U. T., 1998. Biotransformations with 
lipases. New York: VCH. 8: 37–192. 
 Kerkar, S., 2004. Studies on bacteria of the dissimilatory reductive processes 
of the sulphur cycle from the salt pans of Goa. Ph.D. Thesis, Department of 
Marine Sciences, Goa University.  
 Khire, J. M., 1994. Production of moderately halophilic amylase by newly 
isolated Micrococcus sp.  from a salt pan. Lett. Appl. Microbiol., 19, 210–212. 
 Kim, H. K., Park, S. Y., Lee, J. K., Oh, T. K., 1998. Gene cloning and 
characterization of thermostable lipase from Bacillus stearothermophilus L1. 
Biosci. Biotechnol. Biochem. 62, 66–71. 
 Kiran, K. R., Manohar, B., Divakar, S., 2001. A central composite rotatable 
design analysis of lipase catalyzed synthesis of lauroyl lactic acid at bench-
scale level. Enzyme Microb. Technol. 29: 122–128. 
 Kojima, Y., Yokoe, M., Mase, T., 1994. Purification and characterization of 
alkaline lipase from Pseudomonas fluorescens AK102. Biosci. Biotechnol. 
Biochem. 58, 1564–1568. 
 Kok, R. G., Thor, J. J. V., Roodzant, I. M. N., Brouwer, M. B. W., 
Egmond, M. R., Nudel, C. B., Vosman, B., Hellingwer, K. J., 1995. 
Characterization of the extracellular lipase lipA of Acinetobacter 
colcoaceticus BD413 and sequence analysis of the cloned structural gene. 
Mol. Microbiol. 15, 803–818. 
 Krishna, S. H., Karanth, N. G., 2001. Lipase-catalyzed synthesis of isoamyl 
butyrate. A kinetic study. Biochim. Biophys. Acta. 1547:262–267. 
 Krishna, S. H., Sattur, A. P., Karanth, N. G., 2001. Lipase-catalyzed 
synthesis of isoamyl isobutyrate—optimization using central composite 
rotatable design. Process Biochem. 37: 9–16. 
 Krishnan L., Dicaire, C. J., Patel, G. B., Sprott, G. D., 2000. Archaeosome 
vaccine adjuvants induce strong humoral, cellmediated and memory responses 
comparison to conventional liposomes and alum. Infect. Immun. 68, 54- 63. 
 Kulichevskaya, I. S., Milekhina, E. I., Borzenkov, I. A., Zvyagintseva, I. 
S., Belyaev, S. S., 1992. Oxidation of petroleum hydrocarbons by extremely 
halophilic archaebacteria. Microbiol.  60, 596–601. 
167 
 
 Kulkarni, N., Shendye, A., Rao, M., 1999. Molecular and biotechnological 
aspects of xylanases. FEMS Microbiol. Rev. 23: 411–456. 
 Kushner, D. J., 1978. In: Microbial life in extreme environments (Kushuner,  
 Kushner, D. J., Kamekura, M., 1988. Physiology of halophilic eubacteria. 
In Halophilic Bacteria, Edited by F. Rodriguez-Valera. Boca Raton, FL: CRC 
Press. 1, 109-140. 
 Kushner, D. J., Onishi, H., 1968. Absence of normal cell wall constituents 
from the outer layers of Halobacterium cutirubrum. Can. J. Biochem. 46, 997-
998. 
 Kyu, R. K., Kwon, D. Y., Yoon, S. H., Kim, W. Y., Kim, K. H., 2005.  
Purification, refolding and characterization of recombinant Pseudomonas 
fluorescens lipase. Prot. Expre. purifi. 39: 124-129. 
 
 Lake, J. A., Herbold, C. W., Rivera, M. C., Servin, J. A., Skophammer, R. 
G., 2007. Rooting the tree of life using nonubiquitous genes. Mol. Biol. Evol. 
24: 130-136. 
 Lambit, K., Goswami, P., 2002. Isolation of a Pseudomonas lipase in pure 
hydrocarbon substrate and its application in the synthesis of isoamyl acetate 
using membrane immobilized lipase. Enz. Microb. Tech. 31: 727-735. 
 Lee, D., Kok, Y., Kim, K., Kim, B., Choi, H., Kim, D., Suhartono, M. T., 
Pyun, Y., 1999. Isolation and characterization of a thermophilic lipase from 
Bacillus thermoleovorans ID-1. FEMS Microbiol. Lett. 179, 393–400. 
 Leza, A., Palmeros, B., Garcia, J. O., Galindo, E., Chavez, G. S., 1996.  
Xanthomonas campestris as a host for the production of recombinant 
Pseudomonas aeruginosa lipase. J. Ind. Microbiol. 16, 22–28. 
 Liese, A., Seelbach, K., Wandrey, C., 2000. Industrial biotransformations. 
Weinheim: Wiley-VCH. 
 Lin, S. F., Chiou, C. M., Yeh, C., Tsai, Y. C., 1996. Purification and partial 
characterization of an alkaline lipase from Pseudomonas pseudoalcaligenes 
F-111. Appl. Environ. Microbiol. 62, 1093–1095. 
168 
 
 Linko, Y. Y., Lamsa, M., Wu, X., Uosukainen, E., Seppala, J., Linko, P., 
1998. Biodegradable products by lipase biocatalysis. J. Biotechnol. 66:41–50. 
 Litchfield, C. D., Gillevet, M. P., 2002. Microbial diversity and complexity 
in hypersaline environments: A preliminary assessment. Ind. Microbiol. 
Biotechnol. 28: 48-55. 
 Lotrakul, P., Dharmsthiti, S., 1997. Lipase production by Aeromonas sobria  
LP004 in a medium containing whey and soybean meal. World J. Microbiol. 
Biotechnol. 13, 163–166. 
 Lott, J. A., Lu, C. J., 1991. Lipase isoforms and amylase isoenzymes—assays 
and application in the diagnosis of acute pancreatitis. Clin. Chem. 37: 361–
368. 
 Louis, P., Galinski, A. E., 1997. Characterization of the genes for the 
biosynthesis of the compatible solute ectoine from Marinococcus halophilus 
and osmoregulated expression in Escherichia coli. Microbiol. 143: 1141-
1149. 
 
 Macedo, G. A., Park, Y. K., Pastor, G. M., 1997. Partial purification and 
characterization of an extracellular lipase from a newly isolated strain of 
Geotrichum sp. Rev. Microbiol. 28, 90–95. 
 Macrae, A. R., Hammond, R. C., 1985. Present and future applications of 
lipases. Biotechnol. Gen. Eng. Rev. 3, 193–219. 
 Mahler, G. F., Kok, R. G., Cordenons, A., Hellingwerf, K. J., Nudel, B. 
C., 2000. Effects of carbon sources on extracellular lipase production and 
lipA transcription in Acinetobacter calcoaceticus. J. Ind. Microbiol. 
Biotechnol. 24, 25–30 
 Maliszewska, I., Mastalerz, P., 1992. Production and some properties of 
lipase from Penicillium citrinum. Enzyme Microb. Technol. 14, 190-193. 
 Mamo, G., Thunnissen, M., Hatti-Kaul, R., Mattiasson, B., 2009. An 
alkaline active xylanase: Insights into mechanisms of high pH catalytic 
adaptation. Biochimie. 91, 1187-1196. 
169 
 
 Mancinelli, R. L., Hochstein, L. I., 1986. The occurrence of denitrification in 
extremely halophilic bacteria. FEMS Microbiol. Lett. 35, 55- 58. 
 Margesin, R., Schinner, F., 2001. Potential of halotolerant and halophilic 
microorganisms for biotechnology. Extremophiles. 5, 73–83. 
 Margolin, A. L., Crenne, J. Y., Klibanov, A. M., 1987. Stereoselective 
oligomerization catalyzed by lipases in organic solvents. Tetrahedron Lett. 
28,1607–1610.  
 Martin, S., Marquez, M., Sanchez-Porro, C., Mellado, E., Arahal, D. R., 
Ventosa, A., 2003. Marinobacter lipolytic sp. nov. a novel moderate halophile 
with lipolytic activity. Int J. Syst Evol Microbiol. 53, 1383-1387. 
 Martínez-Checa, F., Bejar, V., Martínez-Cánova, J., Llamas, I., Quesada, 
E., 2005. Halomonas almeriensis sp. Nov., a moderately halophilic, 
exopolysaccharide-producing bacterium from Cabo de Gata, Almería, south-
east Spain. Int. J. Syst. Bacteriol. 55: 2007-2011. 
 Mase, T., Matsumiya, Y., Akiba, T., 1995. Purification and characterization 
of a new lipase from Fusarium sp. YM-30. Biosci. Biotechnol. Biochem. 59, 
1771–1772. 
 Masse, L., Kennedy, K. J., Chou, S. P., 2001. The effect of an enzymatic 
pretreatment on the hydrolysis and size reduction of fat particles in slaughter 
house wastewater. J. Chem. Technol. Biotechnol.; 76: 629–35. 
 Maugard, T., Rejasse, B., Legoy, M. D., 2002. Synthesis of water soluble 
derivatives by enzymatic method. Biotechnol. Prog. 18, 424-428. 
 Mellado, E., Sanchez-porro, C., Martin, S., Ventosa, A., 2004. Extracellular 
hydrolytic enzymes produced by moderately halophilic bacteria. In: Ventosa, 
A., (ed.) Halophilic Microorganisms, Springer- Verlag, Berlin Heidelberg. pp, 
285–295. 
 Michael Hogan., 2010. Archaea. eds. E.Monosson & C.Cleveland, 
Encyclopedia of Earth. National Council for Science and the Environment, 
Washington DC. 
 Mohemad, A., Salameh, L., Juergen, W., 2007. Purification and 
Characterization of Two Highly Thermophilic Alkaline Lipases from 
Thermosyntropha lipolytica. Appli. Envi. Microbiol. 73, 7725–7731. 
170 
 
 Montalvo-Rodriguez, R., López-Garriga, J., Vreeland, R. H., Oren, A., 
Ventosa, A., Kamekura, M., 2000. Haloterrigena thermotolerans sp. nov., a 
halophilic Archaeon from Puerto Rico. Int. J. Syst. Evol. Microbiol. 50, 1065-
1071. 
 Montalvo-Rodríguez, R., Vreeland, R. H., Oren, A., Kessel, M., 
Betancourt, C., Lo pez Garriga, J., 1998. Halogeometricum borinquense 
gen. nov., sp. nov., a novel halophilic archaeon from Puerto Rico. Int. J. Syst. 
Bacteriol. 48: 1305–1312. 
 Moreno, M. D. L., Garcia, M. T., Ventosa, A., Mellado, E., 2009.  
Characterization of Salicola sp. IC10, a lipase- and protease producing 
extreme halophile. FEMS Microbiol. Ecol. 68, 59-71. 
 Motitschke, L., Driller, H., Galinski, E., 2000. Ectoin and ectoin derivatives 
as moisturizers in cosmetics. Patent US060071.  
 Muntyan, M. S., Tourova, T. P., Lysenko, A. M., Kolganova, T. V., Fritze, 
D., Skulachev, V. P., 2002. Molecular identification of alkaliphilic and 
halotolerant strain Bacillus sp. FTU as Bacillus pseudofirmus FTU. 
Extremophiles. 6, 195- 199. 
 
 Nadkarni, S. R., 1971. Purification and characterization of lipase from 
pseudomonas aeruginosa.  Enzymologia. 40, 286–301. 
 Nashif, S. A., Nelson, K., 1953. Purification and characterization of lipase 
from pseudomonas fragi. J. Dairy Sci. 36, 459–470. 
 Nawani, N., Kaur, J., 2000. Purification, characterization and thermostability 
of a lipase from a thermophilic Bacillus sp. J33. Mol. Cell Biochem. 206, 91–
96. 
 Niehaus, F., Bertoldo, C., Kahler, M., Antranikian, G., 1999.  
Extremophiles as a source of novel enzymes for industrial application. Appl. 
Microbiol. Biotech. 51: 711–729. 
171 
 
 
 Ohnishi, K., Yoshida, Y., Sekiguchi, J., 1994. Lipase production of 
Aspergillus oryzae. J. Ferment. Bioeng. 77, 490–495. 
 Okeke, C. N., Okolo, B. N., 1990. The effect of cultural conditions on the 
production of lipase by Acremonium strictum. Biotechnol. Lett. 12, 747–750. 
 Ollivier, B., Caumette, P., Garcia, J. L., Mali, R. A., 1994. Anaerobic 
bacteria from hypersaline environments. Microbiol. Rev. 58: 27-38. 
 Olsen, G. J., Woese, C. R., Overbeek, R., 1994. The winds of (evolutionary) 
change: breathing new life into microbiology. J. Bacteriol. 176: 1-6.  
 Onishi, H., Hidaka, O., 1978. Purification and properties of amylase 
produced by a moderately halophilic Acinetobacter sp. Can. J. Microbiol. 24, 
1017-1023. 
 Onishi, H., Mori, T., Takeuchi, S., Tani, K., Kobayashi, T., Kamekura, 
M., 1983. Halophilic nuclease of a moderately halophilic Bacillus sp.: 
production, purification, and characterization. Appl. Environ. Microbiol. 45, 
24–30. 
 Onishi, H., Sonoda, K., 1979. Purification and some properties of an 
extracellular amylase from a moderate halophile, Micrococcus halobius. Appl. 
Environ. Microbiol. 38, 616-620. 
 Onishi, H., Yokoi, H., Kamekura, M., 1991. An application of a bioreactor 
with occulated cells of halophilic Micrococcus varians subsp. halophilus 
which preferentially adsorbed halophilic nuclease H to 5-nucleotide 
production. In General and Applied Aspects of Halophilic Microorganisms, 
pp. 341-350. Edited by F. Rodrõ!guez-Valera. New York: Plenum. 
 Oren A., 1999. The enigma of square and triangular bacteria, Enigmatic 
Microorganisms and Life in Extreme Environmental Habitats. Kluwer 
Academic Publishers, Dordrecht, pp. 337– 355. 
 Oren, A., 1999. Life at high salt concentrations, In: Dworkin, M., Falkow, S., 
Rosenberg, E., Schleifer, K.-H. and Stackebrandt, E. (Eds.), The Prokaryotes, 
A handbook on the biology of bacteria: ecophysiology, isolation, 
identification, applications. 3rd. ed. Springer-Verlag, New York. 
172 
 
 Oren, A., 2002. Diversity of halophilic microorganisms: Environments, 
phylogeny, physiology, and applications. Ind. Microbiol Biotechnol. 28: 56-
63. 
 Oren, A., 2002. Halophilic microorganisms and their environments, Kluver 
Academic Publishers, London, 
 Oren, A., Gurevich, P., Gemmell, R. T., Teske, A., 1995. Halobaculum 
gomorrense gen. nov., a novel extremely halophilic archaea from Dead Sea. 
Int. J. Syst. Bacteriol. 45: 747-754. 
 Oriel, P., Chauhan, S., Maltseva, O., Fu, W., 1997. Degradation of 
aromatics and haloaromatics by halophilic bacteria, Microbial diversity and 
genetics of biodegradation. Japan Scientific Societies Press, Tokyo / Karger, 
Basel. pp. 123-130 
 Ozcan, B., Ozyilmaz, G., Cokmus, C., Caliskan, M., 2009. Characterization 
of extracellular esterase and lipase activities from five halophilic archaeal 
strains. J. Ind. Microbiol. Biotechnol. 36, 105–110. 
 
 Pabai, F., Kermasha, S., Morin, A., 1995. Lipase from Pseudomonas fragi 
CRDA 323: partial purification, characterization and interesterification of 
butter fat. Appl. Microbiol. Biotechnol. 43, 42–51. 
 Pabai, F., Kermasha, S., Morin, A., 1995a. Interesterification of butter fat by 
partially purified extracellular lipases from Pseudomonas putida, Aspergillus 
niger and Rhizopus oryzae. World J. Microbiol. Biotechnol. 11: 669–677. 
 Pabai, F., Kermasha, S., Morin, A., 1995b.  Lipase from Pseudomonas fragi 
CRDA 323: partial purification, characterization and interesterification of 
butter fat. Appl. Microbiol. Biotechnol. 43: 42–51. 
 Pandey, A., Benjamin, S., Soccol, C. R., Nigam, P., Krieger, N., Soccol, V. 
T., 1999. The realm of microbial lipases in biotechnology. Biotech. Appl. 
Biochem. 29: 119–131. 
 Papaparaskevas, D., Christakopoulos, P., Kekos, D., Macris, B. J., 1992.  
Optimizing production of extracellular lipase from Rhodotorula glutinis.  
Biotechnol. Lett. 14, 397–402. 
173 
 
 Pencreac’h, G., Baratti, J. C., 1996. Hydrolysis of p-nitrophenyl palmitate 
in n-heptane by Pseudomonas cepacia lipase: a simple test for the 
determination of lipase activity in organic media. Enzyme Microb. Technol.  
18, 417–22. 
 Platas, G., Meseguer, I., Amils, R., 2002. Purification and biological 
characterization of halocin H1 from Haloferax mediterranei M2a. Int. 
Microbiol. 5, 15-19. 
 Prakash, S., Veeranagouga, Y., Kyoung, L., Sreeramulu, K., 2009. 
Xylanase production using inexpensive agricultural wastes and its partial 
characterization from a halophilic Chromohalobacter sp. TPSV 101. Process 
Biochem. 25, 197-204. 
 Pratuamgdejkul, J., Dharmsthiti, S., 2000. Purification and characterization 
of lipase form psychrophilic Acinetobacter calcoaceticus LP009. Microbiol. 
Res. 155, 95–100. 
 
 Raghavan, T. M., Furtado, I., 2000. Tolerance of an estuarine halophilic 
archaebacterium to crude oil and constituent hydrocarbons. Bull. Environ. 
Contam. Toxicol. 65: 725–731. 
 Ramos-Cormenzana, A., 1989. Ecological distribution and biotechnological 
potential of halophilic microorganisms, In: Da Costa, M.C., pp. 289-309  
 Ranjitha, P., Karthy, E. S., Mohankumar, A., 2009. Purification and 
Characterization of the Lipase from Marine Vibrio fischeri. Int. J. Biol. 1, 48-
56. 
 Rao, M. B., Tanksale, A. M., Ghatge, M. S., Deshpande, V. V., 1998.  
Molecular and Biotechnological aspects of microbial proteases. Microbiol. 
Mol. Biol. Rev. 62: 597–635. 
 Rao, P., Divakar, S., 2001. Lipase catalyzed esterification of a-terpineol with 
various organic acids: application of the Plackett–Burman design. Process 
Biochem. 36:1125–1128. 
174 
 
 Reed, R. H., 1986. Halotolerant and halophilic microbes, In: Herbert, R.A., 
and Codd, G.A. (Eds.), Microbes in extreme environments. Academic Press, 
London. pp. 55-81. 
 Rockwell, G. E., Ebertz, E. G., 1924. How salt preserves. J. Infecti. Disea. 
35, 573-575. 
 Romano, I., Giordano, A., Lama, L., Nicolaus, B., Gambacorta A., 2005. 
Halomonas campaniensis sp. nov. a haloalkaliphilic bacterium isolated from a 
mineral pool of Campania Region, Italy. Syst. Appl. Microbiol. 28, 610-618. 
 Ross, H. N. M., Grant, W. D., Harris, J. E., 1985. Lipids in archaebacterial 
taxonomy. In: Goodfellow M, Minnekin DE (eds) Chemical methods in 
bacterial systematics. Academic Press, London, pp 289–299 
 Roxana, C., Simona, M., Gabriela, P., Lucia, D., Masahiro, K., Madalin, 
E., 2009. Extracellular hydrolytic enzymes of halophilic bacteria isolated 
from a subterranean rock salt crystal. Romanian Soc. Biol. Sci. 14, 4658-4664. 
 Rubin, B., Dennis, E. A., 1997a. Lipases: Part A. Biotechnology methods in 
enzymology. New York: Academic Press. 284: 1–408. 
 Rubin, B., Dennis, E. A., 1997b. Lipases: Part B. Enzyme characterization 
and utilization Methods in enzymology.. New York: Academic Press. 286: 1–
563. 
 Ruiz-García, C., Quesada, E., Martínez, C. F., Llamas, I., Urdaci, M. C., 
Béjar, V., 2005. Bacillus axarquiensis sp. nov. and Bacillus malacitensis sp. 
nov., isolated from river-mouth sediments in southern Spain. Int. J. Syst. Evol. 
Microbiol. 55, 1279-1285. 
 Russell, N. J., 1993. Lipids of halophilic and halotolerant microorganisms, the 
biology of halophilic bacteria. CRC Press, Boca Raton. pp. 163-210. 
 
 Salah, R. B., Mosbah, H., Fendri, A., Gargouri, A., Gargouri Y., 
Mejdoub, H, 2006. Biochemical and molecular characterization of a lipase 
produced by Rhizopus oryzae. FEMS Microbiol. Lett. 260, 241-248. 
175 
 
 Samad, M. Y. A., Razak, C. A. N., Salleh, A. B., Zinwan Yunus, W. M., 
Ampon, K., Basri, M., 1989. A plate assay for primary screening of lipase 
activity. J. Microbiol. Methods. 9, 51–56. 
 Sanchez-porro, C., Martin, S., Mellado, E., Ventosa, A., 2003. Diversity of 
moderately halophilic bacteria producing extracellular hydrolytic enzymes. J. 
Appl. Microbiol. 94, 295–300. 
 Sánchez-Porro, C., Mellado, E., Bertoldo, C., Antranikian, G., Ventosa, 
A., 2003. Screening and characterization of the protease CP1 produced by the 
moderately halophilic bacterium Pseudoalteromonas sp. strain CP76. 
Extremophiles. 7, 221-228. 
 Santos, C. A., Vieira, A. M., Fernandes, H. L., Empis, J.A., Novais, J.M., 
2001. Optimisation of the biological treatment of hypersaline wastewater from 
Dunaliella salina carotenogenesis. J. Chem. Technol. Biotechnol.  76, 1147–
1153. 
 Saphir, J., 1967.Permanent hair waving, West Germany Patent 1,242,794.  
 Sauer, T., Galinski, E. A., 1998. Bacterial milking: a novel bioprocess for 
production of compatible solutes. Biotechnol. Bioeng. 57, 306–313. 
 Saxena, R. K., Sheoran, A., Giri B., Davidson, W. S., 2003. Purification 
strategies for microbial lipases. Microbiol. Methods. 52, 1-18. 
  Schleper, C., Jurgens, G., Jonuscheit, M., 2005. Genomic studies of 
uncultivated archaea. Nat. Rev. Microbiol. 3: 479-488. 
 Shah, S., Sharma, S., Gupta, M. N., 2004. Biodiesel preparation by lipase 
catalysed transesterification of Jatropha oil. Energy Fuels. 18: 154–9. 
 Shapiro, S., Lionel, M., 1970. Process for producing amylase from 
halophiles. J. Bacteriol. 19, 601-603. 
 Sharma, R., Chisti, Y., Banerjee, U. C., 2001. Production, purification, 
characterization and applications of lipases. Biotechnol. Adv. 19: 627-662. 
 Sharon, C., Furugoh, S., Yamakido, T., Ogawa, H., Kato, Y., 1998.  
Purification and characterization of a lipase from Pseudomonas aeruginosa  
KKA-5 and its role in castor oil hydrolysis. J. Ind. Microbiol. Biotechnol. 20, 
304–307. 
 Siddalingeshwara, K. G., Uday,.J., Huchesh, C. H., Puttaraju, H. P., 
Karthic, J., Sudipta, K. M., Pramod, T., Vishwanatha, T., 2010. Microbial 
176 
 
lipases: present and future prospects. Inter. J. Appli. Biol. Pharma. Technol. 1, 
575-581. 
 Sidhu, P., Sharma, R., Soni, S. K., Gupta, J. K., 1998. Production of 
extracellular alkaline lipase by a new thermophilic Bacillus sp. Folia 
Microbiol. 43, 51–54. 
 Sierra, G., 1957. A simple method for the detection of lipolytic activity of 
microorganisms and some observations on the influence of the contact 
between cells and fatty substrates. Antonie van Leeuwenhoek. 23, 15–22. 
 Sonntag, N. O. V., 1984. New Developments in the Fatty Acid Industry in 
America. J. Am. Oil Chem. Soc. 61, 229–232.  
 Sprott, G.D., Sad, S., Fleming, L. P., Dicaire, C. J., Patel, G. B., Krishnan, 
L., 2003. Archaeosomes varying in lipid composition differ in receptor 
mediated endocytosis and differentially adjuvant immune responses to 
entrapped antigen. Archaea. 1, 151-164. 
 Stackebrandt, E., Frederiksen, W., Garrity, G. M., Grimont, P. A., 
Kampfer, P., Maiden, M. C., Nesme, X., Rossello-Mora, R., Swings, J., 
Truper, H. G., Vauterin, L., Ward, A. C., Whitman, W. B., 2002. "Report 
of the ad hoc committee for the re-evaluation of the species definition in 
bacteriology". Int. J. Syst. Evol. Microbiol. 52: 1043–1047.  
 Sugihara, A., Scnoo, T., Enoki, A., Shimada, Y., Nagao, T., Tominaga, Y., 
1995. Purification and characterization of a lipase from Pichia burtonii. Appl. 
Microbiol. Biotechnol. 43, 277–281. 
 Sztajer, H., Menge, U., Schmid, R. D., 1993. Purification and properties of a 
lipase from Penicillium expansum. Biochim. Biophys. Acta. 1168, 181–189. 
 
 Tan, T. C., Mijts, B. N., Swaminathan, K., Patel, B. K. C., Divne, C., 2008. 
Crystal structure of the polyextremophilic α-amylase Amy B from 
Halothermothrix orenii: Details of a productive enzyme-substrate complex 
and an N domain with a role in binding raw starch. J. Mol. Biol. 378, 852-870. 
 Tehreema I., Mubashir N., Rukhsana J., Ikram U. H., 2011. Purification 
and characterization of extracellular lipases. Pak. J. Bot. 43, 1541-1545. 
177 
 
 Therisod, M., Klibanov, A. M., 1987. Regioselective acylation of secondary 
hydroxyl groups in sugars catalyzed by lipases in organic solvents. J. Am. 
Chem. Soc. 109: 3977–3981. 
 Thongthai, C., McGenity, T. J., Suntinanalert, P., Grant, W. D., 1992. 
Isolation and characterization of an extremely halophilic archaeobacterium 
from traditionally fermented Thai fish sauce (nam pla). Lett. Appl. Microbiol. 
14: 111-114. 
 Thongthai, C., Siriwongpairat, M., 1990. The sequential quantitation of 
microorganisms in traditionally fermented fish sauce (nam pla), Postharvest 
technology, preservation and quality of fish in southeast Asia. International 
Foundation for Science, Stockholm. pp. 51-59. 
 Truper, H. G., Galinski, E. A., 1990. Biosynthesis and fate of compatible 
solutes in extremely halophilic phototrophic eubacteria. FEMS Microbiol. Rev. 
75: 247-254. 
 
 Undurraga, D., Markovits, A., Erazo, S., 2001. Cocoa butter equivalent 
through enzymic interesterification of palm oil mid fraction. Process Biochem. 
36: 933–939. 
 
 Vaidya, R. J., Macmil, S. L., Vyas, P. R., Chhatpar, H. S., 2003. The novel 
method for isolating chitinolytic bacteria and its application in screening for 
hyperchitinase producing mutant of Alcaligenes xylosoxydans. Lett. Appl. 
Microbiol. 36, 129-134. 
 Vargas, C., Argandona, M., Reina-Bueno, M., Rodriguez-Moya, J., 
Fernandez-Aunion, C., Joaquin, J. N., 2008. Unravelling the adaptation 
responses to osmotic and temperature stress in Chromohalobacter salexigens, 
a bacterium with broad salinity tolerance. Saline Syst. 4:  14-18. 
178 
 
 Vasileva-Tonkova, E., Galabova, D., 2003.  Hydrolytic enzymes and 
surfactants of bacterial isolates from lubricant-contaminated wastewater. Z. 
Naturforsch. 58:87–92. 
 Ventosa, A., Nieto, J. J., 1995. Biotechnological applications and 
potentialities of halophilic microorganisms. World J. Microbiol. Biotechnol. 
11, 85-94. 
 Ventosa, A., Nieto, J. J., Oren, A., 1998. Biology of moderately halophilic 
aerobic bacteria. Microbiol. Mol. Boil. Rev. 62: 504-544. 
 Ventosa, A., Quesada, E., Rodri guez-Valera, F., Ruiz-Berraquero, F., 
Ramos-Cormenzana, A., 1982. Numerical taxonomy of moderately 
halophilic Gram-negative rods. J. Gen. Microbiol. 128, 1959-1968. 
 Vidyasagar, M., Prakash, S. B., Sreeramulu, K., 2006. Optimization of 
culture conditions for the production of haloalkaliphilic thermostable protease 
from an extremely halophilic archaeon Halogeometricum sp. TSS101. Lett. 
Appl. Microbiol. 43, 385–391.  
 Vreeland, R. H., 1987. Mechanisms of halotolerance in microorganisms. 
CRC Crit. Rev. Microbiol. 14, 311- 356. 
 
 Waino, M., Tindall, B. J., Ingvorsen, K., 2000. Halorhabdus utahensis gen. 
nov., sp. nov., an aerobic, extremely halophilic member of the Archaea from 
Great Salt Lake, Utah. Int. J. Syst. Evol. Microbiol. 50: 183–190. 
 Walsby, A. E., 1971. The pressure relationships of gas vacuoles. Proc. R. Soc. 
London B. 178, 301-326. 
 Wang, C. Y., Hsieh, Y. R., Ng, C. C., Chan, H., Lin, H. T., Tzeng, W. S., 
Shyu, Y. T., 2009. Purification and characterization of a novel halostable 
cellulase from Salinivibrio sp. strain NTU-05. Enzyme Microb. Technol. 44, 
373-379. 
 Wang, Y., Srivastava, K. C., Shen, G. J., Wang, H. Y., 1995. Thermostable 
alkaline lipase from a newly isolated thermophilic Bacillus strain, A30-1 
(ATCC 53841). J. Ferment. Bioeng. 79: 433–438. 
179 
 
 Weber, N., Klein, E., Mukerjee, K. D., 1999. Long chain acyl thioesters 
prepared by solvent free thioesterification and transesterification catalyzed by 
microbial lipases. Appl. Microbiol. Biotechnol. 51:401–404. 
 Werasit, K., Anan, B., 2007. Screening of Halophilic Lipase-Producing 
Bacteria and Characterization of Enzyme for Fish Sauce Quality 
Improvement. J. Nat. Sci. 41, 576 – 585. 
 Wilke, D., 1999. Chemicals from biotechnology: molecular plant genetics 
will challenge the chemical and fermentation industry. Appl. Microbiol. 
Biotechnol. 52:135–45. 
 Woese, C. R. 1987. Bacterial Evolution. Microbiol. Rev.  51: 221-266.  
 Woese, C. R., Kandler, O., Wheelis, M. L., 1990. Towards A Natural 
System of Organisms - Proposal for the Domains Archaea, Bacteria, and 
Eucarya. Proc. Natl. Acad. Sci. USA. 87: 4576-4579. 
 Wohlfarth, A., Severin, J., Galinski, E. A., 1990. The spectrum of 
compatible solutes in heterotrophic halophilic eubacteria of the family 
Halomonadaceae. J. Gen. Microbiol. 136: 705-712. 
 Woolley, P., Peterson, S. B., 1994 Lipases—their structure, biochemistry and 
applications. Cambridge: Cambridge Univ. Press.  pp, 103–110. 
 
 Yakimov, M. M., Guiliano, L., Bruni, V., Scarfi, S., Golyshin, P. N. 1999. 
Characterization of Antarctic hydrocarbon-degrading bacteria capable of 
producing bioemulsifiers. Microbiologica (Pavia). 22, 249-256. 
 Yapaşan, E., 2008. Partial purification and characterization of lipase enzyme 
from a pseudomonas strain. A master Thesis of the Graduate School of 
Engineering and Sciences of İzmir Institute of Technology.  
 Yeoh, H. H., Wong, F. M., Lin, G., 1986. Screening for fungal lipases using 
chromogenic lipid substrates. Mycologia. 78: 298–300. 
180 
 
 Yoon, J.H., Kang, S.J., Lee, C.H., Oh, H.W., Oh, T.K., 2005. Halobacillus 
yeomjeoni sp. nov., isolated from a marine solar saltern in Korea. Int. J. Syst. 
Evol. Microbiol. 55: 2413-2417. 
 Yun, L., Xiang, H., Liu, J., Zhou, M., Tan, H., 2003. Purification and 
biological characterization of halocin C8, a novel peptide antibiotic from 
Halobacterium strain AS7092. Extremophiles. 7, 401-407. 
 
 Zhang, L. Q., Zhang, Y. D., Xu, L., Li, X. L., Yang, X. C., Xu, G. L., Wu, 
X. X., Gao, H. Y., Du, W. B., Zhang, X. T., Zhang, X. Z., 2001. Lipase 
catalyzed synthesis of RGD diamide in aqueous water-miscible organic 
solvents. Enzyme Microb. Technol. 29: 129–35. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
181 
 
 
 
 
 
Publications 
 
 
 
 
182 
 
 
1. Mrugesh Khunt and Neepa Pandhi (2011). Moderate halophilic bacterial 
community in excreta of wild ass (Equus hemionus Khur). International 
Journal of Biosciences. 1 (5): 31-37.  
2. Mrugesh Khunt and Neepa Pandhi (2011). Biodiversity studies of extreme 
halophiles isolated from little rann of kutch. International Journal of Pharma 
and Biosciences. 3 (1): B100-106.  
3. Mrugesh Khunt, Neepa Pandhi and Archana Rana (2011). Amylase from 
moderate halophiles isolated from wild ass excreta. International Journal of 
Pharma & 
Biological sciences. 1 (4): 586-592. 
4. Mrugesh Khunt and Neepa Pandhi (2012). Purification and characterization of 
lipase from extreme halophiles isolated from little Rann of Kutch, Gujarat, 
India. International Journal of Life sciences and Pharma Research.  2 (1): 
L55-61. 
5. Mrugesh Khunt and Neepa Pandhi (2012). Purification and Characterization 
of Lipase from Moderate halophiles Isolated from Excreta of Wild Ass (Equus 
hemionus khur). International Journal of Bioscience and Technology. 5 (1); 1-
5.  
6. Khunt M.D. and Pandhi N. D. (2012). Media optimization for lipase from 
Bacillus licheniformis, a moderate halophiles isolated from excreta of wild 
ass. International Journal of Applied Microbiology Science. 1: 8-14. 
7. Mrugesh Khunt and Neepa Pandhi (2012). Media optimization for lipase from 
Halomonas salina, a moderately halophilic bacteria isolated from excreta of 
wild ass. International Journal of Pharmacy and Lifesciences. 3 (1): 1351-
1355.  
8. Mrugesh Khunt, Neepa Pandhi and Archana Rana (2012). Media optimization 
for lipase from Halomonas salina ku-19, an extreme halophiles isolated from 
little rann of kutch. International Journal of Biological and Pharmaceutical 
Research. 3 (2): 218-222 
9. Archana Rana, Neepa Pandhi, Trupti Nandania, and Mrugesh Khunt (2012). 
Antimicrobial activity of probiotics from mother milk, curd and yoghurt 
samples. International Journal of Biological and Pharmaceutical Research.  
3(1): 188-192 
10. Rana A.S., Pandhi N.D and Khunt M.D. (2012). Comparative study of 
antimicrobial activity of normal flora of human & animal GIT with 
commercial probiotics. International Journal of Universal Pharma & Life 
sciences. 2 (1): 8-16. 
11. Archana Rana, Neepa Pandhi and Mrugesh Khunt (2012). Comparative study 
of effect of various parameters affecting growth and physiology of normal 
flora of human & animal GIT with commercial probiotics. International 
Journal of Pharma and Biosciences. 3 (2): B230-240. 
183 
 
12. Mrugesh Khunt and Neepa Pandhi (2012). Media optimization for lipase from 
Halomonas salina Ku-10, a moderate halophiles isolated from little rann of 
Kutch. International journal of biochemistry and biotech science. (In 
Communication). 
 
 
 
 
